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How to Use This Documentation 


This is a reference manual. It provides you with information 
concerning the Hewlett-Packard Graphics Language (HP-GL) 
and how it is used with your plotter. 

This manual is not a tutorial. It does not teach you how to write a 
program. Your method of programming depends on your com¬ 
puter system, programming language, and level of expertise. This 
manual discusses many plotting concepts, including digitizing, 
interfacing and handshaking, and device control. 

Once you are familiar with the fundamental plotting concepts 
and HP-GL, use this manual as a detailed reference to specific 
questions. 

Manual Organization 

Chapters 1 and 2 discuss general information regarding plotting 
concepts and HP-GL, including some details specific to the plotter. 

Chapter 3 informs you of known (default) conditions when you 
turn on the plotter, and discusses preliminary HP-GL instructions. 

Chapters 4 through 9 describe the most commonly used HP-GL 
instructions. These instructions enable you to plot lines, shapes 
(polygons), fill patterns, and labels (including character sets). 

Chapters 10 through 12 explain how to obtain information from 
the plotter through the use of output instructions, and how to 
establish windows, rotate the coordinate system, and digitize 
points. 

Chapters 13 and 14 discuss device-control instructions that allo¬ 
cate memory space and set plotter conditions for interfacing and 
handshaking. 

Appendices include information on plotter error messages, ASCII 
character codes, character sets (including Kanji), and a glossary. 

Manual Conventions 

Before reading the rest of this manual, you should understand 
the meaning of type styles, symbols, and number representation 
used in the text. 
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small boldface type denotes buttons or switches located on the 
plotter. 

BOLD CONDENSED TYPE denotes a single ASCII character which 
should be sent to the plotter. 

All references to RS-232-C interface in this manual apply equally 
to RS-232-C and CCITT V.24 interfaces. The term RS-232-C is 
used for simplicity. 

Numbers are typed using SI (International System of Units) 
standards. Numbers with more than four digits are placed in 
groups of three, separated by a space instead of a comma, count¬ 
ing both to the left and right of the decimal point (e.g., 54 321.123 45). 

The symbols and type styles used to represent the syntax require¬ 
ments of HP-GL and device-control instructions are discussed in 
Chapters 3 and 13, respectively. 


Additional Documentation 

Following is a list of additional documentation pertinent to the 
your plotter. 

• HP DraftPro User’s Guide (Part No. 07570-90002). This 
manual is shipped with the plotter. It contains detailed infor¬ 
mation about loading paper and pens, using front-panel 
buttons, determining the best pen/paper combinations, and 
ordering available accessories. It also describes how to connect 
various computers with the plotter. 

• HP DraftPro Programmer’s Pocket Guide (Part No. 
07570-90003). The Pocket Guide is a convenient reference list 
of all HP-GL and device-control instructions along with their 
parameters. 

NOTE: If you are using a graphics software package with the 
plotter, be sure to follow any special instructions provided in the 
documentation accompanying the software. ■ 
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CHAPTER 



Programming Concepts 


Before you can write graphics programs for your plotter, you 
need to be familiar with your computer and a programming lan¬ 
guage such as BASIC, FORTRAN, or Pascal. You can use any 
computer that inputs and outputs ASCII* information to and 
from a peripheral device. This manual assumes that you already 
have some experience using your programming language. 

NOTE: If your computer uses a language other than BASIC, 
FORTRAN, or Pascal, you will have to make an extra effort to 
identify input, output, and program statements that perform the 
same function as the BASIC statements used in this manual. 
Refer to your computer documentation for outputting literal 
strings to a peripheral. ■ 

This chapter discusses the following fundamental programming 
concepts necessary to begin plotting. 

• understanding HP-GL, including 

— graphics instructions 

— output instructions 

• understanding device-control instructions 

• using HP-GL with BASIC, FORTRAN, and Pascal 

• using the examples in this manual 


* American Standard Code for Information Interchange. 
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Understanding HP-GL 

The plotter uses special graphics instructions to draw pictures. 
These instructions are known as HP-GL (Hewlett-Packard 
Graphics Language). In addition, the plotter uses device-control 
instructions to control plotter operations such as input/output, 
handshaking, and allocating buffer space. HP-GL and device¬ 
control instructions are embedded in a program (using BASIC, 
FORTRAN, Pascal, etc.) as a literal string and output from the 
computer to the plotter. 

Each HP-GL instruction is a two-letter mnemonic code designed 
to remind you of its function. For example, IN is the Initialize 
instruction, SP is the Select Pen instruction, and PD is the Pen 
Down instruction. You can follow many of the HP-GL mnemonics 
with numeric parameters that tell the plotter to execute (complete) 
the instruction in a particular way. For example, the following is 
a typical HP-GL instruction. 


SP1: 

The mnemonic tells the plotter to select a pen; the parameter 
instructs the plotter to select the pen in the number one stall in 
the pen carousel. 

HP-GL instructions can be divided into two categories. 

• graphics instructions 

• output instructions 

Of these, the graphics instructions category is the largest. The 
graphics instructions enable you to define your plotting area and 
set or select plotting conditions. This includes initializing the 
plotter, rotating the coordinate system, scaling the plotting area, 
selecting pens, and setting up standard and alternate character 
sets for labels. 

The graphics instructions also let you draw geometrical shapes 
using a single instruction. For example, with one instruction you 
can draw a circle of any radius, an arc of any degree length, or 
any sized wedge of a circle. These shapes and features are 
inherent in your plotter, ready to be accessed through the use of 
HP-GL graphics instructions. 
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Output instructions enable you to obtain information from the 
plotter, such as error numbers, pen location and status, digitized 
points, hard-clip limits or the current window, current positions 
of PI and P2, and plotter identification. All HP-GL instructions 
enter the input/output (I/O) buffer where, if pen sorting is dis¬ 
abled, they are executed on a first-in, first-out basis; if pen sorting 
is enabled, HP-GL instructions in the I/O buffer are sorted 
according to pen number, then executed. You can enable/disable 
pen sorting using the rear-panel switch (refer to the User’s Guide) 
or using the AP (Automatic Pen Operations) instruction (refer to 
Chapter 3 of this manual). 

Device-control instructions refer to operations such as data for¬ 
matting, input/output (I/O), handshaking, and buffer allocation. 
The device-control instructions are used primarily with an RS-232-C 
interface. Although some device-control instructions can be used 
with an HP-IB interface, there is seldom need. 

Device-control instructions are sent to the plotter as literal strings 
similar to sending HP-GL instructions. Unlike HP-GL instruc¬ 
tions, however, device-control instructions do not enter the 
plotter’s I/O buffer; the plotter executes them as they are received. 
Device-control instructions are discussed in more detail in 
Chapter 13, Device-Control Instructions, and Chapter 14, Inter¬ 
facing and Handshaking. 

Sending HP-GL Using Your Programming 
Language 

Before you send any HP-GL instructions to your plotter, you 
must be certain that your computer and plotter are communicat¬ 
ing properly. This is accomplished using a configuration state¬ 
ment that opens the lines of communication between the computer 
and plotter. After you have established communication, your 
programming language will determine how you send HP-GL 
instructions. 

The Configuration Statement 

To open the lines of communication between the computer and 
the plotter, you may need a configuration statement at the 
beginning of each program. Your configuration statement directs 
computer input and/or output to the plotter port. It will be specific 
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to your computer and the type of interface (RS-232-C or HP-IB) 
you are using. 

The User’s Guide contains sample programs to ensure that your 
computer and plotter are communicating. The following com¬ 
puters are listed in the User’s Guide. 

Apple lie HP Vectra 

Apple He HP 3000 

Apple Macintosh HP 9000 Series 200 

Dec Vax HP 9000 Series 300 

HP Touchsreen IBM PC/PC-XT/PC-AT 

If you are using one of these computers, refer to Chapter 7, Con¬ 
necting Your Plotter to a Computer, in the User’s Guide for a 
sample communication program. Use the configuration statement 
found at the beginning of your computer’s example program at 
the beginning of every program you write. If your computer is 
not listed, refer to your computer documentation and Chapter 14, 
Interfacing and Handshaking, in this manual, to help you deter¬ 
mine your configuration requirements. 

Here are some examples of opening lines for popular computers. 
In the program examples, you will see the line “Insert configura¬ 
tion statement here”. That is where you should insert the opening 
statement for your computer. Refer to your computer documenta¬ 
tion for a complete discussion of the parameters. 

Apple lie RS-232-C interface 

10 PRINT CHR3(4); “F'Rtln” (where n is the slot number) 
20 PRINT CHR$(1); “106” 

30 PRINT CHR$(4); “INttn” (where n is the slot number) 
Apple Ile/II Plus RS-232-C interface 

10 PR tin: I Nttn (where n is the slot number) 

Apple Macintosh RS-232-C interface 
AT&T PC 6300 

up 

IBM PC/PC-XT/PC-AT 

10 OPEN “ com: 9600, N, 8,1, RS, CS65535, DS, CD ” AS 81 
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HP Touchscreen (150) RS-232-C and HP-IB interfaces 

10 OPEN “ 0 ” , 1, “ PLT ” (Series 100/BASIC) 

10 OPEN “LPT3: ” FOR OUTPUT fiS 81 (GW BASIC) 

Using the Program Examples 

Examples are presented in one of two ways: either as complete 
programs, or as listings of pertinent HP-GL strings. The examples 
are designed to show the use of the instruction with which they 
appear. 

Complete Program Listings 

Examples presented as complete programs are written in a ver¬ 
sion of Microsoft BASIC for MS DOS operating systems. This 
BASIC is used by many popular personal computers. 

If you are using Microsoft® BASIC, you can enter and run the 
full program examples as shown. Be sure to enter the proper 
configuration statement for your computer at the beginning of 
your program. 

If you are not using Microsoft® BASIC, you need to insert the 
proper configuration statement at the beginning of the program 
and may need to change some of the program statements in the 
examples. 

Below is a simple example of the way a complete program appears 
in this manual. 


10 ’Insert configuration statement here 
20 PRINT 81, “ IN;SP1;PU3000,5400; ” 

30 PR INT 81, “ PD2G00,4200,1400,3800,2600,3400; ” 
40 PRINT 81, “PD3000,2200,3400,3400,4600,3800;” 
50 PRINT 81, “PD3400,4200,3000,5400; ” 

60 PRINT 81, “SP0;” 

70 END 
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Using Non-BASIC Statements 

If you are not using the Microsoft BASIC language version pre¬ 
sented in this manual, or you are programming in a different 
language, you might need to change many of the BASIC com¬ 
mands to equivalent statements. Your computer’s documentation 
should tell you how to do this. The following are some of the 
statements you may need to change. 


PRINT #1, 

This statement sends the HP-GL instructions, 
via an output file, to the plotter. Your com¬ 
puter might use a statement such as WRITE, 
WRITELN, OUTPUT, LPRINT, or simply 
PRINT. 

INPUT #1 

This statement causes information from the 
plotter to be read by the computer. Your com¬ 
puter might use a statement such as READ, 
READLN, or ENTER. 

FOR... NEXT 

X = 3.14 

FOR... NEXT are loop statements. 

X = 3.14 is a variable assignment. Change 
these statements to whatever is comparable 
in your language. 


HP-GL Strings 

Since input/output instructions (e.g., PRINT # and INPUT #) 
vary among different computers, some examples present only 
the pertinent HP-GL strings (the two-letter mnemonics and 
applicable parameters). They are enclosed in quotation marks 
since most languages use quotation marks as string delimiters. 
The plotter does not require the quotation marks; use whatever 
your computer requires. Add the statements required by your 
system to send the string of instructions. For example, suppose 
you see the following HP-GL instruction printed in the manual. 


First use whatever opening statements your computer requires to 
define the output port and establish the plotter as the recipient of 
an output string. Then, send the string within a statement similar 
to the following, depending on your computer and language (only 
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a few computers are listed here to give you an idea of the variety 
of statements available). 


HP 9000, Series 200, BASIC 

PRINT “SP1; ” 
or 

OUTPUT 70S; “SP1;” 

HP Touchscreen (150) 

IBM PC/PC-XT/AT 

PRINT HI, “SP1;” 

HP 9000, Pascal 

WRITELN(’SPl;’1 

HP 3000, FORTRAN 

WRITE(6,10) 

10 F0RMRT(4HSP1;) 


Hints for the Novice Programmer 

If you are an inexperienced HP-GL programmer, use the following 

guidelines to ensure success. 

• Know your equipment; this includes the computer and plotter. 
Know how to write, edit, save and run a program. Determine 
how your computer outputs information to peripheral devices 
and reads (inputs) information from another device. 

• Know your programming language. When you encounter a 
new BASIC program statement in this manual, look up and 
use the equivalent statement in your language. Always use 
the syntax your language requires. 

• Enter HP-GL instructions exactly as they appear in the text. 
In a program, there is often only one “right way” to say some¬ 
thing. Every letter, symbol, and number is significant. A 
common mistake is to substitute the letter “O” for the number 
zero, or a lowercase “1” for the number one. Substituting a 
semicolon for a comma, or omitting a quotation mark can 
make the difference between success and failure. 

• Begin every program (as shown in the complete program 
examples) with your computer’s configuration statement and 
either a DF or IN instruction. 

When learning, study the basic HP-GL instructions in Chapters 

4 through 9 and run the programming examples. Then try com¬ 
bining instructions in a simple program. 


Programming Concepts 1-7 


1. Program Concepts 

















. Program Concepts 



A Note about Program Errors 

If your program contains HP-GL syntax or parameter errors, the 
plotter responds by blinking the light next to the view button. 
The light continues to blink until you reset the plotter, initialize 
the plotter, or use the OE (Output Error) instruction to output the 
error number to your computer. 

Each HP-GL instruction description includes a table of the HP-GL 
errors that are most likely to occur. Note that the plotter may or 
may not complete your plot correctly depending on the severity 
of the error. 

Understanding the Plotter’s Buffers 


The plotter has three configurable buffers: input/output (I/O), 
polygon, pen sort. A buffer is a temporary storage area for infor¬ 
mation. The following paragraphs describe the buffers, their 
default and configurable sizes, and where to find information on 
configuring the buffers to meet your needs. 


I/O Buffer 

The plotter uses the physical I/O buffer for processing instruc¬ 
tions. It also uses a logical portion of the buffer for limiting 
plotter functions such as the quantity of HP-GL instructions 
waiting to be parsed, and threshold levels in certain handshaking 
methods. The logical I/O buffer is not a separate buffer; instead, 
it is considered an operational subset of the physical I/O buffer. 

Because the logical I/O buffer is not a separate buffer, but an 
operational subset of the physical I/O buffer, the logical I/O 
buffer cannot be larger than the physical I/O buffer. When you 
turn on the plotter, the physical and logical I/O buffer sizes are 
identical. You can change the size of the physical I/O buffer 
using the ESC .T device-control instruction. If you decrease the 
size of the physical I/O buffer, the logical I/O buffer automati¬ 
cally decreases to the same size. If you increase the size of the 
physical I/O buffer, however, the size of the logical I/O does not 
change. Change the size of the logical I/O buffer using the 
ESC. @ device-control instruction. (Refer to Chapter 13 for com¬ 
plete descriptions of these device-control instructions.) 
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Note that only HP-GL instructions are stored and processed in 
the I/O buffer; device-control instructions bypass this buffer and 
are executed immediately. If pen sorting is disabled, HP-GL 
instructions are executed on a first-in, first-out basis; if pen sorting 
is enabled, HP-GL instructions in the I/O buffer are sorted 
according to pen number, then placed in the pen sort buffer. 
Refer to the pen sort buffer discussion later in this chapter. 

Polygon Buffer 

The polygon buffer collects the instructions and coordinates that 
define a polygon. The polygon remains in the buffer until replaced 
by another polygon, or the buffer is cleared by initialization or 
memory allocation. The following instructions use the polygon 
buffer. 

EA, Edge Absolute Rectangle 
ER, Edge Relative Rectangle 
EW, Edge Wedge 
PM, Polygon Mode 
RA, Rectangle Absolute Fill 
RR, Rectangle Relative Fill 
WG, Wedge Fill 

For more information concerning polygons and the polygon 
buffer, refer to Chapter 6. You can configure the Polygon buffer 
size using either the GM (Graphics Memory) instruction (described 
in Chapter 6) or the ESC .T device-control instruction (described 
in Chapter 13). 

Pen Sort Buffer 

When pen sorting is enabled, HP-GL instructions in the I/O buffer 
are sorted according to pen number and placed in the pen sort 
buffer. The pen sort buffer begins drawing vectors (lines) as soon 
as they are received; the buffer does not need to be full before the 
plotter begins drawing lines. Sorting vectors by pen number can 
shorten plotting time by reducing the number of times the plotter 
switches pens. 

You should not use output instructions when using the pen sort 
buffer. When pen sorting is enabled, the order in which vectors 
are drawn is not necessarily the order in which the plotter received 
them. For this reason, you should not use output instructions 
that output the pen’s location. The pen may not be at the desired 
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location when the plotter executes the output instruction. You 
can get unexpected results if your program bases subsequent 
vectors on the output response. 

You can turn on pen sorting using either the rear-panel switch 
prior to turning on the plotter, or the AP (Automatic Pen Opera¬ 
tions) instruction. You can turn on pen sorting with the AP 
instruction even if the rear-panel switch indicates that pen sorting 
is off. However, if the rear-panel pen sort switch is on, pen sort 
cannot be disabled using the AP instruction. The method you use 
to turn on pen sorting is the method you must use to turn it off. 

Some output instructions are not useful when pen sorting is 
enabled. For example, the OA instruction, which outputs the 
actual location and position of the pen. 

Notes for Buffer Allocation 

The total configurable plotter memory is 7448 bytes. The follow¬ 
ing table shows the default, minimum, and maximum sizes for 
the plotter’s buffers. 


Buffer 

Default 

Minimum 

Maximum 

I/O 

1024 

2 

7436 

Pen sort 

5400 

12 

7446 

Polygon 

1024 

0 

7434 


If your program does not make use of a buffer, you may want to 
maximize the effectiveness of the plotter by allocating that 
buffer’s memory to one or both of the remaining buffers. You can 
change the buffer allocations using the ESC.T device-control 
instruction or the GM instruction (applies to the pen sort and 
polygon buffers only). Note the following restrictions on buffer 
allocation. 

• If the total ESC.T allocation exceeds 7448 bytes, the plotter 
establishes the buffers at their default sizes and sets I/O error 
number 13 (parameter out of range). 

• If the total GM allocation exceeds 7448 bytes (including the 
I/O buffer), the buffer allocations remain unchanged and the 
plotter sets HP-GL error number 3 (bad parameter). 
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For example, if pen sorting is enabled and your program does 
not include any instructions that make use of the polygon buffer, 
you may want to set the polygon buffer to 0 and allocate that 
buffer space to either the I/O or pen sort buffers, or divide it 
between the two. If pen sorting is disabled and your program 
does not include any polygon instructions, you can reduce those 
two buffers to their minimum allocations and increase the size of 
the physical I/O buffer. (Remember to increase the logical I/O 
buffer as well.) The larger the I/O buffer, the more data the 
computer can send to the plotter at a given time. 

Refer to Chapter 6 for more information regarding the GM 
instruction, and to Chapter 13 for details concerning the ESC .T 
instruction. 
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Plotting Concepts 


This chapter discusses the following fundamental concepts nec¬ 
essary to begin plotting. 

• graphic limits 

• the coordinate system 

• units of measure 

• scaling 

• absolute and relative pen movement 

Understanding the Coordinate System 

The plotting area is that portion of the paper in which the plotter’s 
pen can draw. The system for locating points on the plotting 
area is based on the two-dimensional Cartesian coordinate system 
in which the plotting area is divided into a theoretical grid as 
shown in the following illustration. Each grid line represents a 
unit of measurement in one of two directions: horizontal or ver¬ 
tical. The horizontal grid line is referred to as the X-axis; the 
vertical grid line as the Y-axis. The intersection of these axes is 
called the origin. The plotter’s default origin is at the center of 
the plotting area. 

To locate any position (or point) in the plotting area, specify how 
many X-units and Y-units to move your pen from the origin. 
Each point, then, is referenced by the combination of its X- 
coordinate and Y-coordinate. Together, they are known as an 
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X,Y coordinate pair. The coordinate pair of the origin is 0,0. Move 
to any location in the plotting area by specifying the coordinate 
pair of the target location; first the X-coordinate, then the Y- 
coordinate. For example, the coordinate pair of the point located 
1 unit along the X-axis and 4 units along the Y-axis from the 
origin is 1,4. 



NOTE: X-coordinates to the left of the origin are expressed as 
negative values. The same is true for Y-coordinates below the 
origin. ■ 

Understanding the Units of Measure 

You can express coordinates as one of two types of units: plotter 
units or user units. A plotter unit is a constant, fixed size. How¬ 
ever, when defining and drawing your plot, another unit of 
measure may make more sense. A unit of measure that you define 
(through a process called scaling) is called a user unit. 
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Plotter Units 


A plotter unit is the smallest move the plotter can make (this is 
also known as the plotter’s addressable resolution). Note the 
following measurements pertaining to plotter units. 

1 plotter unit = 0.025 mm or 0.000 98 in. 

40 plotter units = 1 mm 

1016 plotter units = 1 in. 

The numeric range of plotter units is —32 768 to 32 767. For 
practical purposes, though, the effective range of plotter units is 
limited to the size of the paper you are using. 

The plotter unit ranges for C- and D-sized plotting areas are 
sho wn in the following table, along with the corresponding metric 
and architectural size plotting areas. 


Paper Size 

Mode 

Maximum Plotter Unit Range 

X-axis 

Y-axis 

C 

Normal 

Expand 

-10576 to 10576 
-10976 to 10976 

-7556 to 7556 
-7916 to 7916 

D 

Normal 

Expand 

-16192 to 16192 
-16 552 to 16552 

-10576 to 10576 
-10976 to 10976 

A2: 

Normal 

Expand 

-11280 to 11280 
-11680 to 11680 

-7320 to 7320 
-7680 to 7680 

A1 

Normal 

Expand 

-15 740 to 15740 
-16100 to 16100 

-11280 to 11280 
-11680 to 11680 

Architectural C 

Normal 

Expand 

-11592 to 11592 
-11992 to 11992 

-8064 to 8064 
-8424 to 8424 

Architectural D 

Normal 

Expand 

-17208 to 17208 
-17 568 to 17568 

-11592 to 11592 
-11992 to 11992 


NOTE: The values in the preceding table are based on exact 
paper size. Other contributing factors that affect the values of 
the plotting range include the position of the right pinch wheel 
(which affects the measured distance along the platen), the 
“squareness” of the media, and the accuracy of the alignment 
with the front and rear paper guides. ■ 
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User Units 


User units enable you to control the number of units along each 
coordinate axis and assign the origin (0,0) to any location on the 
plotting area. You can let user units represent specific distances, 
elevations, units of time, temperatures, or whatever you require. 
User units are established through a process known as scaling. 
Scaling superimposes a user unit grid on the actual plotter unit 
grid. 

When scaling, you specify the number of units along each axis so 
that the plotter automatically converts one user unit to a suitable 
number of plotter units. In effect, you are assigning a scale of 
user units to plotter units. This is similar to scaling on road-maps 
where one inch (a user unit) represents a specific number of miles. 

User units need not be the same size on both axes. Nor does there 
need to be an equal number of user units on both axes. For 
example, you might want to chart changes in elevation over an 
extended distance and establish units of elevation along the 
Y-axis and the units of distance along the X-axis. Refer also to 
the discussion on scaling later in this chapter. 

User units let you specify coordinates with fractions (to four 
decimal places), which makes it easier to directly represent your 
data. To plot the scaled data, the plotter converts user units to 
plotter units. The maximum range the plotter will accept when 
scaling is on is —32 768.0000 to 32 767.9999. If the converted 
number is not within the allowable range, the plotter generates a 
bad parameter error (error number 3). After converting user units 
to plotter units, the plotter rounds to the appropriate integer. 
(When the first decimal is 5 or more, the plotter increments posi¬ 
tive numbers by 1; negative numbers are decremented by 1.) 

For more information on user units and scaling, refer to Scaling 
later in this chapter. 

Understanding Graphic Limits 

Graphic limits define a picture’s border. The plotter recognizes 
two types of graphics limits: hard-clip and soft-clip limits. When 
you turn on or initialize the plotter, the hard-clip and soft-clip 
limits are identical. The word “clip” indicates that a portion of 
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the paper is being selected; that is, the plotter can only draw up 
to the clip limit and not beyond. 

The hard-clip limits depend on the position of the rear-panel 
expand switch at power on and the size of the paper loaded in the 
plotter. You can set soft-clip limits when necessary. 


Hard-Clip Limits 


The hard-clip limits represent the physical boundary for pen 
movement and correspond to the maximum plotting area avail¬ 
able. At power on, the plotter reads the rear-panel expand switch 
(for standard or expanded plotting areas) and sets the hard-clip 
limits as shown in the following illustration. 




Standard plotting area Expanded plotting area 

Note that the widest margin is always toward the front of the 
plotter. Once the margins are established by the expand 
switch, they apply to both C- and D-size paper. Refer to the User’s 
Guide for more information. 

Soft-Clip Limits 

Soft-clip limits temporarily restrict pen movement to a specified 
area of the page. Because the soft-clip limits enable you to draw a 
restricted portion of data they are often referred to as windows. 
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For example, consider the following floor plan. After plotting the 
full plan, suppose you decide to draw a new plot showing only 
the sleeping quarters and use the space on the right for text. To 
do this, use the program for the full floor plan and add soft-clip 
limits to restrict plotting to the left half. 



Soft-clip limits cause 
only this much of the 
previous plot to be drawn 


Using Soft-Clip Limits to Change the Plotting Area 
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Soft-clip limits are useful when you don’t know the range of data 
you will be plotting; you can plot data within a specific window. 
Soft-clip limits are established using the IW (Input Window) 
instruction, which is described in Chapter 10. 

Scaling 

Scaling allows you to establish units of measure with which you 
are familiar, or which are more logical to your plot. Scaling relies 
on the relationship between two points: PI and P2. These two 
points are called scaling points because they take on the user 
unit values that you specify in the SC (Scale) instruction. The 
scaling points are set 600 plotter units within the hard-clip limits 
whenever the plotter is turned on or initialized. PI and P2 always 
represent absolute plotter unit locations on the paper and define 
the lower-left and upper-right comers of a rectangular plotting 
area. You can see this in the following illustration. 


o 

o 

+ 

< 

P2* 

(Origin) n 


\ 



—► +X 

1 

♦ 


• PI -Y 



Default Orientation of PI and P2 

The default X,Y coordinates for Pi and P2 are listed in the follow¬ 
ing table for all supported paper sizes. 


Paper Size 

Mode 

PI 

P2 

C 

Normal 

Expand 

-9976, -6956 
-10376 -7316 

9976, 6956 
10376,7316 

D 

Normal 

Expand 

-15592, -9976 
-15952, -10376 

15592,9976 
15952,10376 


(Table continues) 
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Paper Size 

Mode 

PI 

P2 

A2 

Normal 

Expand 

-10680, -6720 
-11080,-7080 

10680,6720 
11080, 7080 

A1 

Normal 

Expand 

-15140,-10680 
-15500, -11080 

15140,10680 
15500,11080 

Architectural C 

Normal 

Expand 

-10992, -7464 
-11392, -7824 

10992, 7464 

11392, 7824 

Architectural D 

Normal 

Expand 

-16 608, -10992 
-16968, -11392 

16608,10992 
16968,11392 


NOTE: Because the values of PI and P2 are dependent on the 
hard-clip limits, the same restrictions apply to the values in the 
preceding table as apply to the values for the maximum plotting 
range described earlier in the chapter. ■ 

Scaling lets you specify the range of units you want along each 
axis within the area defined by PI and P2. That is, you specify 
the minimum and maximum X-axis values, then minimum and 
maximum Y-axis values. For example, to show variations in 
elevation over a thousand mile area, you might scale your X-axis 
from 0 to 1000 (miles), and your Y-axis from 2000 to 11000 (feet). 

When you issue an SC instruction, PI takes on the minimum 
X-and Y-coordinate values, P2 the maximum X- and Y-coordinate 
values. This is called mapping; the coordinate values are 
“mapped” onto PI and P2. Continuing our example from above, 
PI would have the coordinate value 0,2000 and P21000,11 000. 

NOTE: Scaling does not change the locations of PI and P2, only 
their coordinate values. You can change the plotter-unit locations 
of PI and P2 with the IP (Input PI and P2) instruction or with 
buttons on the front panel (refer to the User’s Guide). ■ 

For a scaled plot, the entire paper is effectively divided into a 
theoretical grid based on the new user units. The actual size of 
the units depends on the locations of PI and P2 and the range of 
parameters in the SC instruction. Using the user-unit PI and P2 
locations just given, the X-axis would contain 1000 user units, 
the Y-axis 9000. If you change the location of PI and P2, the 
number of user units along each axis remains the same although 
their size has probably changed. 
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NOTE: When the size of the user units in the X-axis and the 
Y-axis is identical, the scaling is called isotropic. When the size of 
user units are not the same, the scaling is called anisotropic. If 
scaling is anisotropic, the plotter draws a circle as an ellipse. 
Refer to Chapter 3 for more information on isotropic and aniso¬ 
tropic scaling. ■ 

Once scaled, the plotting area is divided into the desired units. 
Subsequent plotting instructions will now be interpreted using 
these units. This means, if you tell the plotter to move to the 
point 3,4, the plotter will move to the location equivalent to 3,4 
user units (not 3,4 plotter units). You can see this in the following 
illustration where the X-axis is scaled from 0 to 12 and the Y-axis 
from 0 to 10. Note too that scaling has moved the origin to the 
same location as Pi. 


Edge of 
paper 



User-Unit Scaling with Default PI and P2 
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If you move the locations of PI and P2, the size of user units in 
the plotting area may change. The previous illustration showed 
PI and P2 in their default locations. In the following illustration, 
the locations of PI and P2 are changed, but the scaling remains 
the same: the X-axis still contains 12 user units, the Y-axis 10 
user units. Note that the actual sizes of the user units has 
decreased. 



Same User-Unit Scaling with New PI and P2 

From this illustration it is easy to see that the size of user units is 
dependent on the locations of PI and P2 and that the entire 
plotting area is scaled; not just the area defined by PI and P2. 
Plotting is not limited by PI and P2; only by hard-clip or soft-clip 
limits. 

The following shows new locations for PI and P2 and new scaling 
values. Note that the X-axis is scaled from —5 to 15 and the 
Y-axis from —5 to 10. Compare this with the previous two illustra¬ 
tions and notice how the origin seems to move with respect to PI 
and P2 with different scaling values. 
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New PI and P2 and User-Unit Scaling with Negative Values 

An obvious benefit of user-unit scaling is that you can change 
thes P1/P2 settings using the front-panel buttons so that your 
plot occupies more or less space on the paper. Contrast this flexi¬ 
bility with plotting in plotter units: since the size of a plotter unit 
never changes and the origin maintains a fixed physical location, 
plots always occupy the same space on any paper. 


Rotation 

You can change the plot’s orientation on the paper by rotating 
the coordinate system 90 degrees about the origin. Normally, the 
X-axis runs the length of the paper. Use the RO (Rotate) instruc¬ 
tion to programmatically rotate the coordinate system, including 
the scaling points, so that the Y-axis runs the length of the paper. 
Note that when PI and P2 are in their default locations, the RO 
instruction rotates the scaling points outside the hard-clip limits. 
(This differs from the front-panel rotate button, which rotates 
the axes and places PI and P2 inside the hard-clip limits.) 
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The following illustrations show a plot in its default orientation 
and after programmatically rotating its axes. Note that the RO 
instruction does not affect the isometric scaling of the circles. 
This is because Pi and P2 keep their logical values as they rotate 
with the coordinate system and so maintain scaling. Note, too, 
that extremities of the rotated plot ttiay extend beyond the hard- 
clip limits. 



Note that the RO instruction is not identical with the front-panel 
rotate button. The front-panel button rotates the coordinate sys¬ 
tem and automatically moves PI and P2 within the hard-clip 
limits. The RO instruction rotates the coordinate system only; it 
has no effect on the logical locations of PI and P2. 

Refer to Chapter 10 for more information regarding the RO 
instruction. 
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Axis Align 

When you are using paper with preprinted lines or grids, you will 
want to use the front-panel axis align button to match the plotting 
axes to the preprinted grids. Use the axis alignment procedures 
described in the User’s Guide. The following paragraphs detail 
how axis align works. 

At power-on, the plotter sets PI and P2 600 plotter units within 
the hard-clip limits. The axis align point is located at the intersec¬ 
tion of a line parallel to the X-axis that passes through PI and a 
line parallel to the Y-axis that passes through P2. 
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When you establish a new axis align point (using the procedures 
described in the User’s Guide), you are changing the angle be¬ 
tween Pi, the axis align point, and the physical hard-clip limits. 
The scaling point P2 moves relative to this new angle. The new 
angle also establishes new hard-clip limits that fit completely 
within the physical hard-clip area. Note that although you are 
changing physical locations of these points, they retain their 
logical values (i.e., their X,Y coordinate values do not change). 


New P2 

(tracks alignment) 



New 

Hard-clip 

limits 


When you subsequently initialize the plotter by sending the IN 
(Initialize) instruction or performing a front-panel reset, the loca¬ 
tions of Pi, P2, and the axis align point are all set 600 plotter 
units within the compressed hard-clip limits. (The physical loca¬ 
tions and logical values change.) 
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Effect of Initialization on New Axis Align Point 

Wh en you load new paper, the plotter cancels the angle of align¬ 
ment and sets the hard-clip limits to the value determined by the 
expand switch. The axis align point is located at the intersection 
of a line parallel to the X-axis that passes through PI and a line 
parallel to the Y-axis that passes through P2. 



Axis Align Point After Initializating Then Loading Paper 
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To return all values to their default locations without turning off 
the plotter, you must load new paper, then send the IN instruction 
or perform a front-panel reset. This cancels any alignment angle 
before IN sets Pi, P2, and the axis align point 600 plotter units 
inside the hard-clip limits. 
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Notes 
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CHAPTER 



Preliminary Setup Using HP-GL 


This chapter contains guidelines and instructions necessary to 
begin programming. You will learn HP-GL syntax conventions 
and begin using some of the instructions. This chapter also 
provides the following information. 

• default conditions 

• plotter initialization 

• effective scaling procedures 

Understanding HP-GL Instruction Syntax 

Each HP-GL instruction is a two-letter mnemonic designed to 
remind you of its function. For example, SP is the Select Pen 
instruction. Many instructions use parameters to help define the 
function. For example, the SP instruction includes a parameter 
to specify the pen’s carousel stall number. 

HP-GL syntax is a set of rules that define how instructions must 
be written. The following is a typical HP-GL instruction in its 
basic form. 


Mnemonic Separator 

\ | _ 

PR30; 

V 

Parameters 


-Terminator 
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Each HP-GL mnemonic begins the instruction. You can write the 
mnemonic using either upper- or lowercase; this manual will 
always show the mnemonic uppercase. You need not separate 
the first parameter from the mnemonic, but you must separate 
multiple parameters from each other by a comma or a space. You 
end, or terminate, each instruction using a semicolon, the first 
letter of the next mnemonic, or, if you are using an HP-IB inter¬ 
face, a line feed. The parameter separator and instruction termi¬ 
nator are the only punctuation required. Each of the following 
instruction forms are valid. For clarity, the examples in this 
manual will use the first form. 


PD: PU10,20 ; or PD PIJ10 20 ; or PDPU10,20; 


Notations 


Each instruction will list its syntax requirements using the 
following notations. 


MNemonic the mnemonic is shown uppercase and separated 
from the parameters) or terminator 

parameter parameters are listed in lowercase italics 

( ) all parameters within parentheses are optional 

(c...c) any number of characters 

(,...) any number of additional parameters of the speci¬ 

fied type 

; HP-GL instruction terminator 

[TERM] the output response terminator (see chapters 10 
through 12) 


Parameter Formats and Ranges 

Each parameter must be specified in the format defined by the 
respective HP-GL instruction; the syntax format accompanies 
each instruction description throughout this manual. Parameter 
tables are also included to quickly define the parameters listed in 
the syntax. HP-GL instructions use three types of parameters: 
integers, real numbers, and character strings. 
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• Integers — A whole number from —32 768 to 32 767. Refer 
to the following section, A Note about Rounding, to determine 
how the plotter reacts to a decimal fraction included with an 
integer parameter. 

• Real numbers —A number from 32 768.0000 to 32 767.9999. 
The decimal point and fraction (up to four significant digits) 
are optional. 

• Character strings — Any sequence of one or more char¬ 
acters. Characters and character strings are used in drawing 
symbols and labeling plots. For more information, refer to 
Chapters 7 and 8. 

The term “current units” in a parameters table indicates that the 
plotter interprets coordinate values as plotter units when scaling 
is off, or as user units when scaling is on. However, when using 
relative coordinates and scaling is off, it is a good idea to use 
only integers as the plotter monitors the fractional portion. Refer 
to Using Absolute and Relative Movement in Chapter 4. 

A Note about Rounding 

Some HP-GL instructions require that their parameter be an 
integer regardless of whether scaling is on or off. When the 
parameter must be an integer, the plotter rounds any included 
decimal fraction. If the first decimal digit is 5 or more, the plotter 
increments positive numbers by 1 and decrements negative 
numbers by 1. For example, the plotter rounds 4.6 to 5, and —3.7 
to —4. 

When the instruction interprets parameters in current units and 
scaling is off, the plotter truncates the decimal portion. For 
example, 4.6 is truncated to 4, and —3.7 is truncated to —3. 

Syntax Compatibility with Other HP Plotters 

The syntax rules implemented on the HP7570A are extremely 
flexible and backwards compatible with the HPColorPro, 
HP 7475, 7550, 7580, 7585, and 7586 graphics plotters. However, 
if you are interested in writing software to drive all of these 
plotters, you should note a minor difference in syntax: The 7570A 
and all of the above plotters allow a comma or space as a 
separator. However, only the HP7570A, HPColorPro, and 
HP 7475 additionally allow a + or — sign as a separator. 
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Omitting Optional Parameters 

Some instructions have optional parameters. When you omit an 
optional parameter, it assumes a default value. For most HP-GL 
instructions, if you omit an optional parameter, you must omit 
all subsequent parameters in the same instruction. (The 
only exception is the pen control parameter in the UC (User- 
defined Character) instruction.) 

For example, the FT (Fill Type) instruction has three optional 
parameters. The following shows one way to use all three 
parameters. 


FT3,10,45; 

If you omit the second parameter, you must omit the third. That 
is, you can send the following. 


FT3; 

The previous instruction sets default values for the second and 
third parameters. However, to specify a specific value for the 
third parameter, you must specify all of the previous parameters 
in the instruction. You cannot not send either of the following 
instructions to get a default value for the second parameter and 
the specified value for the third parameter. 

FT3.45; or FT3,,45; 

Setting the Plotter to Known Conditions 

Many plotter functions are set to known conditions by turning 
on the power switch or by resetting the plotter (refer to the User’s 
Guide). Both of these procedures “initialize” the plotter. Most of 
these known conditions can be established by including the IN 
(Initialize) or DF (Default) instruction at the beginning of each 
program. The IN instruction is more powerful than the DF in¬ 
struction, in that it sets more conditions. 
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The following summarizes the two programmatic methods of 
setting known conditions on the plotter. 

• Use the DF instruction when you want to reestablish a limited 
number of plotter conditions while retaining certain conditions 
set in a previous program or by the front-panel buttons. For 
example, the DF instruction does not affect the current loca¬ 
tions or values of PI and P2. This allows you to retain PI and 
P2 values from a previous program, or set them from the front- 
panel. 

• Use the IN instruction to reset most of the plotter’s functions 
to known conditions. For example, the IN instruction auto¬ 
matically sets PI and P2 600 plotter units within the hard- 
clip limits. 

Refer to the DF and IN instructions at the end of this chapter for 
a complete list of the conditions each instruction establishes. 

Using the Scaling Instruction 

If you are new to HP-GL programming, you will want to read 
Scaling in Chapter 2 before continuing. 

Two instructions are used when scaling a picture. These are the 
SC (Scale) and IP (Input PI and P2) instructions. The SC instruc¬ 
tion defines the user units; the IP instruction establishes the 
locations of the scaling points PI and P2. Since the size of user 
units is controlled by the distance between PI and P2, it is always 
important to know the location of the scaling points. 

Working with the Scaling Points 

When the plotter is turned on or initialized, PI and P2 are set 600 
plotter units within the hard-clip limits. When you issue an SC 
instruction with parameters, the plotter converts PI and P2 plot¬ 
ter unit coordinates to user unit coordinates. For example, if you 
scale the X-axis to range from 0 to 500 and the Y-axis to range 
from —100 to 100, PI takes on the value of 0, —100 and P2 takes 
on the value of 500,100. The SC instruction does not change the 
locations of PI and P2, only their coordinate values. It is impor¬ 
tant to note that scaling is not limited to the rectangular area 
defined by PI and P2, but extends over the entire plotting area. 
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Effective Scaling 

You can also use scaling to expand or contract your plots using 
one of two methods. The first method retains the locations of PI 
and P2 while changing the number of units along both of the 
axes. Increase the number of units along both axes to draw a 
smaller plot with a larger border, or decrease the number of units 
along both axes to enlarge the plot. 

The second method changes the locations of Pi and P2 while 
retaining the original user-unit scaling. By using the IP instruc¬ 
tion to define a larger or smaller scaling rectangle, you can use 
the same coordinates to change the size of your original plot. By 
changing the locations of Pi and P2, you can change the size of 
the user units without changing the quantity of units along both 
axes. 

Note that you can lose portions of your plot by enlarging it beyond 
the hard-clip limits using either of the two methods above. For 
this reason, you should have your initial program draw your 
plots at their maximum size, so you can contract the size of your 
plots and not lose information. 

Isotropic and Anisotropic Scaling 

When establishing scaling, consider whether your picture will 
include such geometric shapes as circles and wedges where the 
height-to-width ratio must be preserved. When incorporating such 
shapes, you must first establish isotropic scaling. In isotropic 
scaling, the spacing of units along the X-axis is the same as unit 
spacing along the Y-axis. In this way, shapes such as circles and 
wedges are drawn without distortion. When the scaling is aniso¬ 
tropic, a circle becomes an ellipse. Compare the circles in the 
following illustration. Note that the radius for each of the circles 
is the same, only the scaling changes. 
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Anisotropic 
1 Y-unit> 1 X-unit 



Perhaps the easiest method to establish isotropic scaling is to use 
the IP instruction to set Pi and P2 so that they define a square 
area. Then use the SC instruction to establish the same number 
of user units along both axes as in the following illustration. 


“IP2000,2000,6000,6000; ” 
“5C0,5,0,5; ” 
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Paper edge 

Hard-clip 

limits 

PI = 0,0 (user units) 
or 

2000,2000 (plotter units) 

P2= 5,5 (user units) 
or 

6000,6000 (plotter units) 


Isotropic Scaling: Method 1 

When PI and P2 do not define a square area, you can scale the 
area isotropically by setting your scale so that each user unit 
along the X- and Y-axes equals the same number of plotter units. 
For example, suppose PI is at the location 2000,2000 and P2 is 
at the location 8400,6000 and you know you want 5 user units 
along the Y-axis; how many units do you specify along the X-axis 
to establish isotropic scaling? The Y-axis distance is 4000 plotter 
units (6000 — 2000), meaning that each of the 5 user units along 
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that axis is 800 plotter units (4000/5). The X-axis distance is 6400 
plotter units (8400 — 2000), so the number of units along the 
X-axis is 6400/800 or 8 user units. 


“IP 2000,V000,a400,s000; ” 
“SC 0,8,0,5; ” 


Paper edge 

Hard-clip 

limits 

PI = 0,0 (user units) 
or 

2000,2000 (plotter units) 

P2= 8,5 (user units) 
or 

8400,6000 (plotter units) 


Isotropic Scaling: Method 2 

Refer to the SC and IP instructions later in this chapter for 
additional information. 

DF, Default 

USE: Sets certain plotter functions to predefined default con¬ 
ditions. Use this instruction to return the plotter to a known state 
while maintaining the current rotation and settings of PI and 
P2. When DF is used at the beginning of a program, unwanted 
graphics parameters such as character size, slant, or scaling are 
not inherited from another program. 

SYNTAX: DF; 

REMARKS: No parameters are used. DF resets the plotter to the 
following conditions. 
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Function 

Equivalent 

Instruction 

Default 

Condition 

Pen control 

AP; 

Lifts or stores a motionless 
pen after 15 seconds. 

Selects a pen only when it 
is required to draw. 

Pen sort is disabled. If pre¬ 
viously enabled, the plotter 
executes the buffer before 
proceeding.* 

Alternate set 

CA; 

ANSI ASCII English 
(Character set 0). 

Standard set 

CS; 

ANSI ASCII English. 

Chord tolerance 

CT; 

Chord angle of 5 degrees. 

Digitize clear 

DC; 

Terminates digitize mode and 
turns off front-panel ENTER. 

Direction absolute 

Dll,0; 

Horizontal characters. 

Label terminator 

DT; 

ETX, ASCII decimal code 3. 

Direction vertical 

DV; 

Off (set to horizontal). 

Extra space 

ESO, 0; 

No extra character space. 

Fill type 

FT; 

Type 1, solid bidirectional fill. 

Spacing is 1% of P1/P2 X- 
axis distance. 

Angle is at zero degrees. 

Input mask 

IM233,0,0; 

Recognizes all defined errors. 

Input window 

IW; 

Set to hard-clip limits. 

Label origin 

LOl; 

Standard labeling starting at 
current location. 

Line type 

LT; 

Solid line (pattern length is 

4% of P1/P2 diagonal 
distance). 

Plotting mode 

PA; 

Absolute. 


*Valid only when rear-panel pen sort switch is off 


(Table continues) 
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Function 

Equivalent 

Instruction 

Default 

Condition 

Polygon mode 

PMO; PM2; 

Polygon buffer cleared. 

Pen thickness 

PT; 

0.3 mm. 

Scaling 

SC; 

User-unit scaling off. 

Character size 

SI; 

Absolute size: 

Width = 0.285 cm 

Height = 0.375 cm 

Character slant 

SL; 

No slant. 

Symbol mode 

SM; 

Off. 

Character set 
selected 

SS; 

Standard character set 
selected. 

Tick length 

TL; 

Positive and negative tick 
marks are 5% of P2 X — Pl x 
and |P2 y — P1 Y |. 



In addition, the DF instruction updates the carriage-return point 
for labeling instructions to the current pen location. (Refer to 
Positioning Labels in Chapter 8 for more information regarding 
the carriage-return point.) 

The DF instruction does not affect the following plotter conditions: 



• locations of PI and P2 

• current pen, its location, and up/down position 

• pen speed 

• rotation 

• buffer sizes (reestablish defaults using ESC. T or GM, Graphics 
Memory, instructions) 

• generated errors (not cleared) 

• RS-232-C handshaking protocol 
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The plotter automatically executes a DF whenever a sheet of 
paper is loaded that differs from the previous sheet in either 
dimension by more than 125 plotter units (approx. 1/8 inch). 

RELATED 

INSTRUCTIONS: IN, Initialize 
ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

executes instruction 


IN, Initialize 

USE: Resets most plotter conditions to their initial power-on 
conditions. Use this instruction to return the plotter to a known 
state and to cancel conditions that may have been set in a pre¬ 
vious program. 

SYNTAX: IN; 

REMARKS: The IN instruction uses no parameters and sets the 
plotter to the same conditions as the DF instruction, with the 
following additional conditions. 

• raises the pen. 

• sets PI, P2, and the axis-align point 600 plotter units within 
the current hard-clip limits. 

When you establish a new axis align point, the plotter establishes 
new hard-clip limits. To subsequently send IN sets PI, P2, and 
the axis align point 600 plotter units within the new hard-clip 
limits. 

• sets bit position 3 of the status byte to 1 (to indicate the plotter 
has been initialized). 

• clears any HP-GL error and I/O error conditions. 

The IN instruction does not affect the pen speed or rotation. 
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NOTE: Buffer sizes established by ESC.T or GM (Graphics 
Memory) instructions are not affected by the IN instruction. If 
you have changed buffer sizes, reestablish the default buffer sizes 
by using an ESC .T or GM without parameters at the end of the 
program. ■ 

In this manual, program examples begin with “IN;” to clear 
unwanted conditions from the previous program. This instruction 
has no effect on handshake protocol in any RS-232-C environ¬ 
ment, hut does clear any existing I/O error condition. 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

executes instruction 


IP, Input PI and P2 



USE: Establishes new or default locations for the scaling 
points PI and P2. PI and P2 are used by SC to establish user-unit 
scaling. The IP instruction is often used to ensure that a plot is 
always the same size, regardless of how PI and P2 might have 
been set from the front panel or the size of paper loaded in the 
plotter. You can also use this instruction in advanced techniques 
such as plotting mirror images, enlarging/reducing plots, and 
enlarging/reducing relative character size or direction (refer to 
Chapter 10). 


SYNTAX: IP P1 X ,P1 Y (,P2 X ,P2 Y ) ; or IP; 


Parameter 

Format 

Range 

Default 

Plx, Ply 
(,P2 x ,P 2 y ) 

integer 

-32 768 to 32 767 
plotter units 

depends on 
paper size 


REMARKS: The plotter interprets the parameters as follows. 

• P1 X ,P1 Y (,P2 X ,P2 Y ) — specify the location of PI and P2 in 
plotter units. If you specify only the coordinates for PI, then 
P2 tracks PI (retains the same relative distance from PI) and 
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could become located outside the hard-clip area. However, the 
P2 tracking function can be useful when preparing more than 
one equal-sized plot on one page. For an example, refer to 
Changing Picture Area and Orientation in Chapter 10. 

• no parameters — sets PI and P2 600 plotter units within the 
hard-clip limits, relative to the current axis rotation. 

The IP instruction remains in effect until another IP instruction 
is executed, PI and P2 are changed from the front panel, or the 
plotter is initialized. 

Refer to the discussions on scaling in Chapter 2 and earlier in 
this chapter for details of the effect Pi and P2 locations have on 
user-unit scaling. 

RELATED 

INSTRUCTIONS: SC, Scale 
RO, Rotate 

ERRORS: 


Condition 

Error 

Plotter Response 

1 or 3 parameters 

2 

ignores instruction 

more than 4 parameters 

2 

uses first 4 parameters 

number out of range 

3 

ignores instruction 


NR, Not Ready 

USE: Programmatically simulates pressing the front-panel view 
button. 

SYNTAX: NR; 

REMARKS: After executing the NR instruction, the front-panel 
view indicator is lighted and plotting is suspended. You must 
press the front-panel view button to resume plotting on the same 
sheet. Loading a new sheet of media will also exit this state. 
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SC, Scale 

USE: Establishes a user-unit coordinate system by mapping 
user-defined values onto the scaling points Pi and P2. For con¬ 
ceptual information on scaling, refer to Chapter 2 and earlier in 
this chapter. 

SYNTAX: SC, X max ,Y mm ,Y max ; or SC; 


Parameter 

Format 

Range 

Default 

y . y 

zv min’ iV max) 

Y Y 

A mm> ■ l max 

integer 

-32 768 to 32 767 
user units 

none 


REMARKS: The plotter interprets the parameters as follows. 


• X min ,X max , Y mio , Y max — set the minimum and maximum 
values for user units in the respective axis. You must specify 
all four parameters. The following instruction indicates that 
the X-axis will range from 0 to 100 user units, and the Y-axis 
will range from 0 to 50 user units. 


SC 0 , 100, 0 

T_ 


50: 


, V 

X-axis range Y-axis range 


These values are then mapped onto the scaling points PI and 
P2. The minimum X- and Y-coordinates (the first and third 
parameters) are mapped onto PI; the maximum X- and Y-coor- 
dinates (the second and fourth parameters) are mapped onto 
P2. Using the example above, PI would take on the coordinate 
value 0,0 and P2 would take on the coordinate value 
100,50. 


3-14 Preliminary Setup Using HP-GL 








The SC instruction does not change the physical locations of 
PI and P2, it only maps the parameter values onto those 
points. PI and P2 retain these values until another SC instruc¬ 
tion defines a new set of values or turns scaling off. After 
scaling, you can change the actual size of a user unit by alter¬ 
ing the relative distance between PI and P2, or by changing 
the parameters of the SC instruction. 

• no parameters — turns off scaling so that the plotter inter¬ 
prets all subsequent coordinates as plotter units. 

The plotter cannot interpret the parameters of all instructions as 
user units when scaling is on. Each instruction that can interpret 
parameters as user units includes the words “current units” in its 
parameter table. Specify the parameters for all other instructions 
in the units indicated by the instruction description. When scal¬ 
ing is on, the plotter interprets the parameters of the instructions 
on the next page in user-unit values. 
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AA, Absolute Arc 
AR, Relative Arc 
Cl, Circle 

EA, Edge Absolute Rectangle 

ER, Edge Relative Rectangle 

EW, Edge Wedge 

FT, Fill Type 

IW, Input Window 

PA, Plot Absolute 

PD, Pen Down 

PR, Plot Relative 

PU, Pen Up 

RA, Rectangle Absolute 

RR, Rectangle Relative 

WG, Wedge Fill 

Additionally, the response to the OC (Output Commanded 
Status), OD (Output Digitized Point), and OW (Output Window) 
instructions are interpreted in user units when scaling is on. 

Note, when scaling is on, that you can specify fractions of plot¬ 
ting units. Decimal parameters are not truncated: The point 
6.5,9.5 is distinct from 6.6,9.8. 

Normally you will specify smaller coordinate values for Pi (X min 
and Y min ) than you do for P2 (X max and Y max ). However, you can 
specify X min and Y min larger than X max and Y max respectively and 
draw your plot as a mirror image — reversed and/or upside 
down — depending also on the relative locations of PI and P2. 
Refer to Chapter 10 for mirror imaging plots. 

ERRORS: 


Condition 

Error 

Plotter Response 

more than 4 parameters 

2 

ignores additional parameters 

1 to 3 parameters 

2 

ignores instruction 

v . — y y — Y nr 

•* v min A max> x min 1 max U1 

parameter out-of-range 

3 

ignores instruction 
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Drawing Lines 


To create accurate and effective plots, you must understand how 
to select a pen and control it when plotting. Controlling the pen 
means that you can raise and lower the pen, and move or draw 
from one location (X,Y coordinate) to another. This chapter will 
discuss the following. 

• selecting and changing pens 

• monitoring the pen up/down position 

• moving to absolute or relative locations 

• changing pen speed 

• plotting with variables 

Selecting and Controlling the Pen 

You can select and change pens using either the front-panel but¬ 
tons (as described in the User’s Guide) or using the SP (Select 
Pen) instruction. This plotter also partially implements the SG 
(Select Pen Group) instruction, which can also be used to select a 
pen; however, SP is more commonly used for this function. Both 
instructions are described in detail later in this chapter. 

Note that any pen in the holder that is inactive for 15 seconds is 
returned to the carousel; however, you can turn off this and other 
features using the AP (Automatic Pen Operations) instruction. 


Drawing Lines 4-1 


4. Drawing Lines 




. Drawing Lines 


Monitoring the Pen Position and Location 

When you turn on the plotter, it is initialized and set to certain 
default conditions. Among these conditions are the pen position 
and location. The pen position refers to whether the pen is up or 
down; the pen location refers to a coordinate location on your 
paper. As you draw, the plotter updates the pen location and 
position depending on the instruction just executed. Some instruc¬ 
tions return the pen to its most recent location and position before 
the instruction was executed. Other instructions update the plot¬ 
ter with the location and position following the instruction 
execution. 

At power on, the pen holder is up. To draw lines, you must select 
a pen, lower it to the paper, then move the pen to a new location. 
You can perform each of these functions using the front-panel 
buttons; but for most applications, this is impractical. You can 
programmatically lower the pen onto the paper using the PD 
(Pen Down) instruction and raise the pen using the PU (Pen Up) 
instruction. 


Note that some instructions include an automatic pen down 
feature; that is, the plotter automatically lowers the pen before 
executing the instruction, and then restores the pen to its previous 
up/down position. Refer to an instruction description to deter¬ 
mine whether it includes an automatic pen down feature. 


At power on, the plotter sets the pen holder just within the hard- 
clip limits at a corner of your paper. If you were to select a pen, 
issue the PD instruction, then move the pen to a new location, 
your plot would begin at this corner. To begin your plot at a 
specific location, use either the PA (Plot Absolute) or PR (Plot 
Relative) instructions. Use the PA instruction when you want to 
move the pen with respect to the coordinate origin. Use the PR 
instruction when you want to move the pen relative to the current, 
updated pen location. 

Absolute and Relative Movement 



So far all discussions have assumed that you are specifying coor¬ 
dinates in absolute terms. Absolute means that the coordinates 
have a fixed position on the coordinate system with respect to 
the origin (0,0). In the following illustration, the coordinates 
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—3, —3; 2,4; and 5, —4 are always in the same place, no matter 
where the pen is when the coordinates are issued. 



X-axis 


Absolute Coordinates 

Note that all X-coordinates to the right of the Y-axis are positive 
values, those to the left are negative. Similarly, all Y-coordinates 
above the X-axis are positive, those below are negative. By 
changing the sign of the X- and/or Y-coordinate, you change the 
location of the pen to a new quadrant. 

Relative coordinates are more accurately called increments, 
because their values represent the number of units the pen moves 
from its current pen location. As with absolute coordinates, the 
units can be user units or plotter units. 

For example, assume that the pen is currently at the origin. To 
arrive at each location marked from left to right in the previous 
illustration, count 3 units to the left and 3 units down from the 
current pen location; these are both negative directions with 
respect to the origin. This is the relative location —3, —3. Now 
move 5 positive X-units and 7 positive Y-units from this location 
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to the upper point; this is the relative location 5,7. From this 
location, move to the lower-right point by moving 3 X-units and 
-8 Y-units (3,-8). 


Y-axis 



Relative Coordinates 

Plotting instructions that include “relative” in their title will 
interpret X,Y coordinate parameters as relative increments. Rel¬ 
ative plotting is particularly useful when you want to draw the 
same shape in different locations. It is also useful for shapes 
where you know the dimensions, but don’t want to calculate the 
absolute coordinates for each endpoint. For example, suppose 
you want to plot an “X” with a width of 6 units and a height of 8 
units, and the current pen position is at the origin. Here is a 
sequence of relative coordinates that draw the X: -3, —4; 6,8; 
— 6 , 0 ; 6 , — 8 . 
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Relative Coordinates for Plotting X 

A Note on Relative Movement when Scaling is Off 

The plotter adds relative coordinates (increments) to the current 
pen location monitored by the plotter. The plotter automatically 
converts the new relative position to its absolute coordinates and 
updates the current monitored location in absolute coordinates. 

The plotter will not move in decimal fractions of plotter units. 
The pen will move in integer increments only. However, the plot¬ 
ter monitors the complete decimal number even when scaling is 
off. You may affect future pen moves if you specify a series of pen 
moves which include fractional plotter units when scaling is off. 

For example, if you tell the plotter to move relatively 0.6,0.6 
plotter units, the pen will not move; the integer position is 0,0. If 
you then tell the plotter to move relatively 0.7,0.7, the pen will 
move. The monitored cumulative position is the point 1.3,1.3 
(0.6 + 0.7), but the pen will move to the point indicated by the 
integer portion, 1,1. 

This is true when using instructions that include the word 
“relative” in their title. 
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Plotting with Variables 

In some programming circumstances, it might make more sense 
(and save time) to use variables for the parameters of an HP-GL 
instruction rather than specific values. The same parameter re¬ 
strictions apply to variables as to specific values (i.e., integer or 
real within the valid range). You must also send the required 
instruction mnemonics, separators and terminators just as you 
would if you were sending specific parameter values. 

Chapter 1 discusses the usual way to send an HP-GL instruction 
with specific parameter values. There are many acceptable 
methods that depend on each computer’s format and output state¬ 
ments. The following is one method of sending variables to the 
plotter. 


PRINT 81, “PH” ; ” ; ” 

Note that the instruction mnemonic, separator, and the termi¬ 
nator are included within quotation marks. It is important that 
you separate the X and Y variables with a literal separator, such 
as a space (“ ”) or comma (“,”); otherwise, the plotter cannot 
differentiate the two coordinates, generating an error. 

This method will be most effective in conjunction with 
FOR... NEXT statements or your language’s specific looping 
statements. 


AP, Automatic Pen Operations 


USE: Controls automatic pen operations such as returning a 
pen to the carousel if it has been in the holder without drawing 
for 15 seconds (to prevent the pen from drying out). Turns off 
automatic pen operations when you are using the digitizing sight 
and reestablishes them when you are ready to resume plotting. 


SYNTAX: APn; 


or AP; 
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Parameter 

Format 

Range 

Default 

n 

integer 

Oto 31* 

7t 


This is the practical range. The allowable range is —32 768 to 32 767. We recom¬ 
mend that you only use numbers within the valid range to ensure proper auto¬ 
matic pen operation. 

tThis is the default value when the rear-panel pen sort switch is off. If the 
rear-panel pen sort switch is on, the default range is 24 to 31, and the default 
value is 31. When the rear-panel pen sort switch is on, any number less than 24 
is changed to 24. 

REMARKS: The plotter enables or disables pen operations de¬ 
pending on the value of the parameter. The parameter n can be 
zero or any combination of the other values listed next. 

• 0 — disables automatic pen operations. The plotter does not 
lift pens until commanded by PU or the front panel. The plotter 
does not store pens until commanded by SP or the front panel. 
The plotter retrieves pens immediately when selected by SP 
instruction whether or not they are required to draw. 

• 1 — lifts a stationary pen after 15 seconds. 

• 2 — temporarily stores the pen if it has not moved in 15 se¬ 
conds. The plotter will reselect the pen when plotting resumes. 
If the plotter is unable to put the pen away, it lifts the pen (if 
down). 

NOTE: This operation only affects pens the plotter selects from 
the carousel. If you manually put a pen into the pen holder, 
the plotter will not attempt to store the pen. ■ 

• 4 — does not retrieve a pen selected by the SP instruction until 
the new pen is required to draw. 

• 8 — merges all pen up moves. If your program raises the pen 
and makes several moves before lowering the pen, the plotter 
tracks these moves without actually moving the pen. (You can 
turn this feature off programmatically only when the rear- 
panel pen sort switch is off.) 

• 16 — sorts and plots vectors by pen number. Note that you 
can turn on pen sorting even when the rear-panel switch is in 
the off position. You can turn pen sorting off programmatically 
only when the rear-panel pen sort switch is off. 
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To turn on any subset of the pen operations, add the values for 
the operations you want to activate. For example, AP3; will turn 
on only operations 1 and 2. APT; turns on operations 1,2, and 4. 
AP31; turns on all of the automatic pen operations. 

RELATED 

INSTRUCTIONS: SP, Select Pen 

SG, Select Pen Group 

ERROR: 


Condition 

Error 

Plotter Response 

parameter less than 
—32 768 or greater than 

32 767* 


ignores instruction 


*We recommend that you use only positive numbers within the valid range to 
ensure proper automatic pen operation. 


PA, Plot Absolute 

USE: Establishes absolute plotting mode and moves the pen to 
specified absolute coordinates. 

SYNTAX: PA X,Y (,...); or PA; 


Parameter 

Format 

Range 

Default 

X,Y 

real 

-32 768.0000 to 32 767.9999 
current units* 

none 


* When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 


REMARKS: The plotter interprets the parameters as follows. 

• X,Y — specifies the absolute coordinate location relative to the 
origin (0,0) to which the pen will move. The plotter interprets 
X,Y coordinates as user units when scaling is on, as plotter 
units when scaling is off. 

You can specify as many X,Y coordinate pairs as you want. 
Generally, when you include more than one coordinate pair, 
the pen moves to each point in the order given, using the pen’s 
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current up/down position. This is modified when the rear- 
panel pen sort switch is on, or you use the AP instruction to 
merge pen up moves. 

NOTE: When using an HP-IB interface, you may be limited to 
the number of coordinate pairs you can specify. The limitation 
is dependent on the ability of your controller to output long 
strings without a line feed. ■ 

• no parameters — establishes absolute plotting mode for sub¬ 
sequent instructions. 

Execution of a PA instruction (with or without parameters) 
cancels relative plotting. 

EXAMPLE: In the following, note that the PA instruction first 
moves the pen to a specific location (2000,1500). After placing 
the pen down (PD), PA draws a triangle. 

10 ’Insert configuration statement here 
20 PRINT til, “IN;SPl;Pfi2000,1500;PD; ” 

30 PR I NT til, “ PR50Q, 1500,2000,3500,2000,1500; ” 

40 PRINT 81, “SP0; ” 

50 END 


(2000,3500) 



and end 
(2000,1500) 
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RELATED 

INSTRUCTIONS: PD, Pen Down 
PR, Plot Relative 
PU, Pen Up 


ERRORS: 





Condition 

Error 

Plotter Response 

odd number of coordinates 

2 

ignores last coordinate 

parameter out of range 

3 

ignores wrong coordinate and 
all subsequent coordinates 


PD, Pen Down 

USE: Lowers the pen onto the writing surface for drawing. 
SYNTAX: PD X,Y\ or PD; 


Parameter 

Format 

Range 

Default 

X,Y 

real 

-32 768.0000 to 32 767.9999 
current units* 

none 


*When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 


REMARKS: The plotter interprets the parameters as follows. 


• X,Y — lowers the pen and draws to the points specified. Abso¬ 
lute or relative movement depends on the most recently exe¬ 
cuted PA or PR instruction. If no plot instruction has been 
previously specified, PA is assumed. 

For example, if you execute a PD with parameters and either 
absolute plotting is in effect or you have not previously exe¬ 
cuted a plotting instruction, the plotter interprets the X,Y coor¬ 
dinates as absolute coordinates. Similarly, if relative plotting 
is in effect, the plotter draws to the relative point. 



You can specify as many X,Y coordinate pairs as you want. 
Generally, when you include more than one coordinate pair, 
the pen moves to each point in the order given, using the pen’s 
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current up/down position. This is modified when the rear- 
panel pen sort switch is on, or you use the AP instruction to 
merge pen up moves. 

NOTE: When using an HP-IB interface, you may be limited to 
number of coordinate pairs you can specify depending on your 
controller’s ability to output long strings without a line feed. ■ 

• no parameters — lowers the pen without moving it to a new 
location. This is the same as pressing the pen up/down button 
on the front panel to lower the pen. 

NOTE: The pen will lower only if it is within the current graphics 
limits (window). ■ 

EXAMPLE: In the following, the PD instruction is used with the 
PA (Plot Absolute) and PR (Plot Relative) instructions to draw 
two triangles. Compare this example with those for the PA and 
PR instructions. 

10 ’Insert configuration statement here 
20 PRINT HI, “ IN;SP1;PR2000,1500: ” 

30 PRINT HI, “PD500,1500,2000,3500,2800,1500; ” 

40 PRINT til, “PU;PR500,0; ” 

50 PRINT ttl, “PD1500,0,-1500,2000,0,-2000; ” 

60 PRINT ttl, “5P0; ” 

70 END 

(2000,3500) (PR-1500,2000) 




(2000,1500) and end 

(PR 0,-2000) 
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RELATED 

INSTRUCTIONS: PA, Plot Absolute 
PR, Plot Relative 
PU, Pen Up 

ERRORS: 


Condition 

Error 

Plotter Response 

odd number of coordinates 

2 

ignores last coordinate 

parameter out of range 


ignores wrong coordinate and 
all subsequent coordinates 


PR, Plot Relative 

USE: Establishes relative plotting mode and moves the pen to 
specified points, each successive move relative to the last specified 
pen location. 

SYNTAX: PR X,Y(,...); or PR; 


Parameter 

Format 

Range 

Default 

X,Y 

real 

-32 768.0000 to 32 767.9999 
current units* 

none 


*When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 


REMARKS: The PR instruction operates similarly to the PA in¬ 
struction. The only difference is that PR moves are relative to the 
current pen position, whereas PA moves are absolute, with respect 
to the origin. The parameters are interpreted as follows. 

• X ,Y — specifies incremental moves relative to the current pen 
location. Each coordinate pair indicates a move relative to 
previous coordinate pair. The plotter interprets coordinates as 
user units when scaling is on, as plotter units when scaling is 
off. 



You can specify as many X,Y coordinate pairs as you want. 
Generally, when you include more than one coordinate pair, 
the pen moves to each point in the order given, using the pen’s 
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current up/down position. This is modified when the rear- 
panel pen sort switch is on, or you use the AP instruction to 
merge pen up moves. 

NOTE: When using an HP-IB interface, you may be limited to 
number of coordinate pairs you can specify depending on your 
controller’s ability to output long strings without a line feed. ■ 

• no parameters — establishes relative plotting mode for sub¬ 
sequent instructions. 

Execution of any PR instruction cancels absolute plotting. 

When scaling is off, the pen will move in integer increments 
only. Nevertheless, the plotter still monitors the pen position 
using the complete decimal number. This can affect future pen 
positions. Refer to A Note on Relative Movement when Scaling 
is Off earlier in this chapter. 

EXAMPLE: 

10 ’Insert configuration statement here 
20 PRINT til, “ IN;SP1;PR1500, 0; ” 

30 PRINT 81, ”PD;PR1500,0,-1500,2000,0,-2000;” 

40 PRINT 81, “SP0; ” 

50 END 


(PR-1500,2000) 



and end 


(PR 0,-2000) 


Drawing Lines 4-13 


4. Drawing Lines 


Drawing Lines 


RELATED 

INSTRUCTIONS: PA, Plot Absolute 
PD, Pen Down 
PU, Pen Up 


ERRORS: 


Condition 

Error 

Plotter Response 

odd number of coordinates 

2 

ignores last coordinate 

parameter out of range* 

3 

ignores wrong coordinate and 
all subsequent coordinates 


*To stay within range when scaling is off, each succeeding X,Y increment when 
added to the current X,Y position cannot exceed 32 767 when referenced from 
point 0,0. For example, if the pen is at 6000,6000, the next relative coordinate 
must be within 26 767 (32 767 — 6000); otherwise, it is out of range. 


PU, Pen Up 

USE: Raises the pen from the plotting surface. Use this instruc¬ 
tion to prevent stray lines from being drawn. 

SYNTAX: PU X,Y(,...); or PU; 


Parameter 

Format 

Range 

Default 

X,Y 

real 

-32 768.0000 to 32 767.9999 
current units* 

none 


* When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 


REMARKS: The parameters are interpreted as follows. 

• X,Y — raises the pen and moves to the specified points. Abso¬ 
lute or relative movement depends on the most recently exe¬ 
cuted PA or PR instruction. If no plot instruction has been 
previously used, PA is assumed. 


For example, if you execute a PU with parameters and either 
absolute plotting is in effect or you have not previously exe¬ 
cuted a plotting instruction, the plotter interprets the X,Y coor¬ 
dinates as absolute coordinates. Similarly, if relative plotting 
is in effect, the plotter moves to the relative point. 
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You can specify as many X,Y coordinate pairs as you want. 
Generally, when you include more than one coordinate pair, 
the pen moves to each point in the order given. This is modified 
when the rear-panel pen sort switch is on, or you use the AP 
instruction to merge pen up moves. 

NOTE: When using an HP-IB interface, you may be limited to 
number of coordinate pairs you can specify. The limitation is 
dependent on the ability of your controller to output long 
strings without a line feed. ■ 

• no parameters — The PU instruction raises the pen without 
moving the pen to a new location. This is the same as pressing 
the pen up/down button on the front panel. 

RELATED 

INSTRUCTIONS: PA, Plot Absolute 
PD, Pen Down 
PR, Plot Relative 

ERRORS: 


Condition 

Error 

Plotter Response 

odd number of coordinates 

2 

ignores last coordinate 

parameter out of range 

3 

ignores wrong coordinate and 
all subsequent coordinates 


SG, Select Pen Group 

USE: Selects a specified pen for plotting, or returns the current 
pen to the carousel. This instruction provides partial compatibil¬ 
ity with other plotters and works the same as the SP (Select Pen) 
instruction. 

SYNTAX: SG pen number ; 


Parameter 

Format 

Range 

Default 

pen number 

integer 

0 to 8* 

none 


*This is the only range the plotter will accept and execute the instruction. The 
actu al range is 0 to 32 767. Refer to the error table at the end of this instruction. 
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REMARKS: In other plotters, the SG instruction is used to alter¬ 
nate pens within predesignated groups. Since you cannot desig¬ 
nate pen groups in this plotter, the SG instruction is functionally 
identical with the SP instruction. 

RELATED 

INSTRUCTIONS: SP, Select Pen 
ERRORS: 


Condition 

Error 

Plotter Response 

parameter greater than 8 
and less than 32 767 

none 

ignores instruction 

parameter less than 0 

3 

ignores instruction 

parameter greater than 32 767 

CO 

ignores instruction 


SP, Select Pen 

USE: Moves pens between the carousel and the pen holder. Use 
this instruction to load a pen into the pen holder. You can also 
use it to select pens of different colors or widths during a plotting 
program. At the end of every program, use this instruction to 
return the pen to the carousel. 

SYNTAX: SP pen number; or SP; 












Parameter 

Format 

Range 

Default 

pen number 

integer 

0 to 8* 



*This is the only range the plotter will accept and execute the instruction. The 
actual range is 0 to 32 767. Refer to the error table at the end of this instruction. 


REMARKS: The pen number parameter corresponds to the pen 
numbers marked on the pen carousel. The plotter interprets the 
parameter as follows. 





pen number = 1-8 — selects the appropriate pen from the 
pen carousel. If there is currently a pen in the holder, the 
plotter stores it before selecting the new pen. After selecting a 
new pen, the pen holder returns to the current graphics 
location. 
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• pen number = 0 or no parameter — returns the pen cur¬ 
rently in the pen holder to the stall from which it came, if it is 
vacant. If the stall is occupied, the pen is placed in the vacant 
stall with the lowest number. 

An SP instruction remains in effect until a new pen is selected or 
the current pen is returned to a stall in the carousel. You can 
select and return pens by using the front-panel controls or by 
executing the SP instruction. 

NOTE: If the automatic pen return feature of the AP instruction 
is on and the pen currently in the pen holder remains unused for 
15 seconds, the plotter places the pen in the carousel and returns 
to its last location. When the plotter receives the next drawing 
instruction, the plotter selects the same pen (providing there was 
no intervening DF or IN instruction) before plotting. ■ 

RELATED 

INSTRUCTIONS: AP, Automatic Pen Operation 
SG, Select Pen Group 

ERRORS: 


Condition 

Error 

Plotter Response 

parameter greater than 8 
and less than 32 767 

none 

ignores instruction 

parameter less than 0 

3 

ignores instruction 

parameter greater than 32 767 

3 

ignores instruction 


VS, Velocity Select 

USE: Specifies pen speed. Use the instruction to optimize line 
quality and pen life for each pen and media combination. For 
optimum line quality, use a slow speed. 

SYNTAX: VS pen velocity (,pen number ); or VS ; 
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Parameter 

Format 

Range 

Default 

pen velocity 

integer 

1 to 40 

40 cm/s 

pen number 

integer 

1 to 8 

all pens 


REMARKS: The plotter interprets the parameters as follows. 

• pen velocity — specifies the pen speed in centimetres per 
second (cm/s). You can increment the pen speed by 1 cm/s. 
The selected velocity applies only when the pen is down. Pen 
movement with the pen up is executed at 50 cm/s. 

• pen number — applies the pen speed to a particular pen. 
When this parameter is omitted, the velocity applies to all pens. 

• no parameters — sets the speed for all pens to the default 
value. 

Note that you can use the front-panel pen speed button with the 
pen number buttons to manually set the pen speed in 5 cm/s 
increments. However, the pen speed you specify using the front- 
panel buttons applies to all pens. Refer to the User’s Guide for 
more information regarding the pen speed for your pen and media 
combination. 

ERRORS: 


Condition Error Plotter Response 

pen velocity parameter none executed at 40 cm/s 

greater than 40 cm/s 

pen number parameter none instruction ignored 

greater than 8 

more than 2 parameters 2 extra parameter ignored 

parameter less than or 3 instruction ignored 

equal to 0 
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CHAPTER 



Drawing Circles, Arcs, Wedges, 
and Rectangles 


You can use some individual instructions to draw complete geo¬ 
metric shapes. These shapes include circles, wedges, and rec¬ 
tangles. Additionally, you need only use a single instruction to 
draw a curved line segment, or arc. You can further enhance 
some of the shapes by filling them with shading patterns. This 
chapter discusses the instructions that draw these shapes and 
arcs, along with the following. 

• controlling the smoothness of a circle or arc (chord tolerance) 

• choosing a shading pattern (fill type) 

Drawing Circles and Arcs 

The circle instruction, Cl, uses your current pen location as the 
center of the circle. All you need specify is the circle’s radius 
because the Cl instruction also includes an automatic pen down. 
Drawing an arc is only slightly more involved. Your current pen 
location becomes one end of the arc; you specify the center loca¬ 
tion (forming a radial distance) and the number of degrees 
through which you want the arc drawn. The AA, Arc Absolute, 
instruction draws arcs using absolute coordinates, the AR, Arc 
Relative, instruction draws arcs using relative coordinates. 
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Maintaining Circle/Arc Smoothness 

The plotter draws curved lines, like those forming arcs and circles, 
as a series of straight lines called chords. Arcs and circles are 
found in the following instructions: AA and AR (Arc Absolute 
and Arc Relative), Cl (Circle), EW and WG (Edge Wedge and Pill 
Wedge). The apparent smoothness of circles and arcs depends on 
the number of chords used to draw them. This is known as chord 
tolerance. Chord tolerance is determined in one of two ways: 
degrees mode or deviation distance mode. Degrees mode is the 
power-on default; use the CT, Chord Tolerance, instruction to 
change how chord tolerance is determined. 

Degrees Mode 

In degrees mode, you specify the maximum angle that defines 
each chord. This causes circles of any radius to be drawn with 
the same number of chords. As the radius increases, the chords 
become more apparent and the circle less smooth. The default 
chord angle is 5 degrees, which draws a circle with 72 chords 
(360/5 = 72). 


Arc Segment 



Degrees mode 

Drawing Circles in Degrees Mode 
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The following illustration demonstrates the effect the chord angle 
can have on circles of the same radius. Each of the circles was 
drawn using the Cl instruction. 



45-Degree chord angle 



30-Degree chord angle 




Note that the chords are more apparent in the circles that use a 
large chord angle. As the chord angle decreases, the circle be¬ 
comes more smooth. 
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Deviation Distance Mode 

In deviation distance mode, you specify the maximum distance 
between the chord and the arc it represents. As the radius in¬ 
creases, then, more chords are required to draw the circle and 
maintain the distance between the chord and the arc. When you 
switch from degrees mode to deviation distance mode, the default 
deviation distance for any circle or arc is the same as if that 
circle were drawn with a chord angle of 5 degrees. 


Radial distance 



Drawing Circles in Deviation Distance Mode 

How the Plotter Calculates Chords 

Note that the value you specify for the chord tolerance parameter 
of any instruction is the maximum value in which the chord can 
be expressed. Rather than draw a circle with one partial chord, 
the plotter divides the circle so that it is drawn with complete 
chords. This is easier to understand when using degrees mode. 
For example, a chord angle of 89 and a chord angle of 90 give 
you dramatically different results because 89 is not a factor of 
360. The closest factor of 360 that is less than 89 is 72. 
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chord angle of 89 (=72) chord angle of 90 

Similarly, chord angles of 90 and 91 produce the same shape 
since 91 is not a factor of 360. 

NOTE: The plotter does not store changes in the chord angle 
parameter. If you want to maintain the same chord angle (other 
than the default angle) for each circle or arc in your plot, you 
must specify the chord angle with each instruction that includes 
the chord angle parameter. ■ 

Drawing Wedges 

You can draw any sector of a circle using either of the two wedge 
instructions, EW (Edge Wedge) and WG (Wedge Fill). The EW 
instruction outlines a wedge, while the WG instruction draws a 
shaded wedge. Both instructions require the same information 
and use the plotter’s polygon buffer to define the wedges before 
they are drawn. For these instructions to work properly, you 
must be sure the polygon buffer has enough memory to store the 
number of lines and chords that define the wedge. 

The default polygon buffer size (1024 bytes) is large enough to 
store a wedge with 167 points. Refer to chapters 1, 6, and 13 for 
polygon buffer information, including how to count the points in 
a polygon and change the size of the polygon buffer. 
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Your current pen location is interpreted as the focal point of the 
wedge. From this point, you define a wedge specifying the 
following. 

• the radius 

• the start angle 

• the sweep angle 

The radius determines the length of two sides of the wedge. The 
sign (positive or negative) of the radius determines the location 
of a “zero degree” reference point. The start angle is the number 
of degrees from the zero degree reference point at which you 
want to draw the first radius. The sweep angle is the number of 
degrees through which you want to draw the arc. You can option¬ 
ally specify the arc’s chord tolerance. The following illustrates 
the different parameters of a wedge with a positive radius. 



Drawing Rectangles 

Four instructions give you great flexibility when drawing rec¬ 
tangles. Outline a rectangle using absolute or relative coordinates 
using the EA (Edge Absolute Rectangle) and ER (Edge Relative 
Rectangle) instructions. Draw a shaded rectangle using absolute 
coordinates or relative coordinates using the RA (Rectangle Abso¬ 
lute Fill) and RR (Rectangle Relative Fill). 
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All of the rectangle instructions use the same parameters. The 
plotter interprets your current pen location as one comer of the 
rectangle, all you need specify is the location of the opposite 
comer. 


Current 
pen location 
(starting point) 



X,Y coordinate 
location 


V Y increment 


ncrement 


Choosing a Fill Type 

You can fill any closed geometric shape with a pattern. The FT, 
Fill T^pe, instruction lets you choose from three distinct patterns: 
solid, hatch, and cross-hatch. 



Solid Hatch Cross-hatch 


When using hatch and cross-hatch patterns, you can optionally 
change the spacing between the parallel lines, and the angle at 
which they are drawn. Both of these fill patterns are drawn 
using the current line type (refer to the LT, Line Type, instruction 
in Chapter 7). This allows you to create numerous fill patterns 
within a plot to increase its visual effectiveness. 
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AA, Arc Absolute 


USE: Draws an arc, using absolute coordinates, that starts at 
the current pen location and uses the specified center point. 

SYNTAX: AA X,Y, arc angle (.chord tolerance)-, 


Parameter 

Format 

Range 

Default 

X,Y 

real 

-32 768.0000 to 

32 767.9999 current 
units* 

none 

arc angle 

real 

-32 768.0000 to 

32 767.9999 (degrees) 

none 

chord tolerance 
chord angle 
chord deviation 

real 

real 

0.1 to 180 degreest 

-32 768.0000 to 

32 767.9999 current 
units 

5 degrees 

equivalent to 

5 degrees 
chord angle 


♦When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 
fThis is the practical range. The allowable range is —32 768.0000 to 32 767.9999. 
However, 0 is changed to 0.36; numbers from 180 to 360 are interpreted as 
360 — n; numbers greater than 360 are interpreted as n modulo 360 (the result 
following the above rules for numbers greater and less than 180). 

REMARKS: The AA instruction does not include an automatic 
pen down feature; you must precede it with a PD instruction for 
the arc to be drawn. Arcs are drawn starting at the current pen 
location using the current line type. After drawing the arc, the 
pen location remains at the end of the arc, rather than returning 
to the beginning. The plotter interprets the parameters as follows. 

• X ,Y — specifies the absolute location of the center of the circle 
that would be drawn if the arc were 360 degrees. 

• arc angle — specifies (in degrees) the angle through which 
the arc is drawn. A positive angle draws counterclockwise 
from the current pen location, and a negative angle draws 
clockwise. 

• chord tolerance — in degrees mode, specifies the maximum 
chord angle of the chords drawn to create the arc; in deviation 
distance mode, specifies the distance between the chord drawn 
and the arc it represents. For more information, refer to Main¬ 
taining Circle/Arc Smoothness at the beginning of this 
chapter. 


5-8 Drawing Circles, Arcs, Wedges, and Rectangles 








NOTE: The arc angle divided by the chord angle determines the 
number of chords in your arc (refer to Maintaining Circle/Arc 
Smoothness at the beginning of this chapter). If the number of 
chords in your arc is greater than 32 767, the plotter will draw 
your arc with 1000 chords. This can occur when you draw an arc 
angle greater than 360 degrees using ,a small chord tolerance. ■ 

EXAM PLE: The following shows three arcs with the same center 
point, but different radii and chord tolerances. Also note the 
effect a negative arc angle parameter has on the direction the arc 
is drawn (line 40, center arc). 


10 

7 Insertc 

onfiguration 

statement here 


20 

PRINT SI, 

“ IN;5P1;PR4000,10®0; ” 


30 

PRINT SI, 

“ PD;RR2000, 

1000,45,25; 77 


40 

PRINT 81, 

“ PIJ3050,20b 

0; PD; fifiZ'000,1000 

),-45,10; 

50 

PRINT SI, 

“PU3000,100 

0; PD; RRZ'000,100G 

>,45; 77 

£0 

PRINT SI, 

“ RIJ; 3P0 ; 77 



70 

END 





( 2000 , 1000 ) 

RELATED 
INSTRUCTIONS: AR, Arc Relative 
Cl, Circle 

CT, Chord Tolerance 
LT, Line Type 
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ERRORS: 


Condition 

Error 

Plotter Response 

1 or 2 parameters 

2 

ignores instruction 

more than 4 parameters 

2 

uses first 4 parameters 

number out of range* 

3 

ignores instruction 


*This error is generated when the distance between the current pen location and 
the center point exceeds the —32 768 to 32 767 plotter unit range. 


AR, Arc Relative 

USE: Draws an arc, using relative coordinates, that starts at 
the current pen location and uses the specified center point. 

SYNTAX: AR X,Y,arc angle (.chord tolerance ); 


Parameter 

Format 

Range 

Default 

X,Y 

real 

-32768.0000 to 

32 767.9999 current 
units* 

none 

arc angle 

real 

-32 768.0000 to 

32 767.9999 (degrees) 


chord tolerance 
chord angle 

real 

0.1 to 180 degrees! 

5 degrees 

chord deviation 

real 

-32 768.0000 to 
32767.9999 current 
units 

equivalent to 

5 degrees 
chord angle 


*When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 
tThis is the practical range. The allowable range is —32 768.0000 to 32 767.9999. 
However, 0 is changed to 0.36; numbers from 180 to 360 are interpreted as 
360 - n; numbers greater than 360 are interpreted as n modulo 360 (the result 
following the above rules for numbers greater and less than 180). 

REMARKS: The AR instruction does not include an automatic 
pen down feature; you must precede it with a PD instruction for 
the arc to be drawn. Arcs are drawn starting at the current pen 
location using the current line type. After drawing the arc, the 
pen location remains at the end of the arc, rather than returning 
to the beginning. The plotter interprets the parameters as follows. 
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• X,Y — specify, relative to the current pen location, the center 
of the circle that would be drawn if the arc were 360 degrees. 

• arc angle — specifies (in degrees) the angle through which 
the arc is drawn. A positive angle draws counterclockwise 
from the current pen location, and a negative angle draws 
clockwise. 

• chord tolerance — in degrees mode, specifies the maximum 
chord angle to create the chords that draw the arc; in deviation 
distance mode, specifies the distance between the chord drawn 
and the arc it represents. For more information, refer to 
Maintaining Circle/Arc Smoothness at the beginning of this 
chapter. 

NOTE: The arc angle divided by the chord angle determines the 
number of chords in your arc (refer to Maintaining Circle/Arc 
Smoothness at the beginning of this chapter). If the number of 
chords in your arc is greater than 32 767, the plotter will draw 
your arc with 1000 chords. This can occur when you draw an arc 
angle greater than 360 degrees using a small chord tolerance. ■ 

EXAMPLE: 

10 ’Insert configuration statement here 
20 PRINT til, “ IN;SPl;Pfll0,10;PD: ” 

30 PRINT til, “HR0,2000,90;RR2000,0,30; ” 

40 PRINT til, “PU:3P0; ” 

50 END 
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RELATED 

INSTRUCTIONS: AA, Arc Absolute 
Cl, Circle 

CT, Chord Tolerance 
LT, Line Type 

ERRORS: 


Condition 

Error 

Plotter Response 

1 or 2 parameters 

2 

ignores instruction 

more than 4 parameters 

2 

uses first 4 parameters 

number out of range* 

CO 

ignores instruction 


*This error is generated when the distance between the current pen location and 
the center point exceeds the —32768 to 32767 plotter unit range. 


Cl, Circle 

USE: Draws a circle using the specified radius and chord angle. 
SYNTAX: Cl radius (,chord tolerance ); 


Parameter 

Format 

Range 

Default 

radius 

real 

-32 768.0000 to 
32767.9999 current 
units* 

none 

chord tolerance 
chord angle 

real 

0.1 to 180 degreest 

5 degrees 

chord deviation 

real 

-32 768.0000 to 

32 767.9999 current 
units 

equivalent to 

5 degrees 
chord angle 


*When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 
tThis is the practical range. The allowable range is —32 768.0000 to 32 767.9999. 
However, 0 is changed to 0.36; numbers from 180 to 360 are interpreted as 
360 — n; numbers greater than 360 are interpreted as n modulo 360 (the result 
following the above rules for numbers greater and less than 180). 

REMARKS: The Cl instruction includes an automatic pen down. 
When the plotter receives a Cl instruction, it moves the pen (in 
the up position) from the current location to the starting point on 
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the circumference, lowers the pen, and draws the circle. After 
drawing the circle, the plotter lifts the pen and returns it to the 
center of the circle and restores its up/down status. The plotter 
interprets the parameters as follows. 

• radius — The radius is measured in current units from the 
current pen location. The sign (+ or —) defines the starting 
point of the circle: a positive radius begins the circle at 0 
degrees; a negative radius begins the circle at 180 degrees. 


90° 



• chord tolerance — in degrees mode, specifies the maximum 
chord angle of the chords drawn to create the circle; in devia¬ 
tion distance mode, specifies the distance between the chord 
drawn and the arc it represents. For more information, refer to 
Maintaining Circle/Arc Smoothness at the beginning of this 
chapter. 

Because each chord of the circle is drawn using the current line 
type, you should not use adaptive line patterns to draw circles. 
Otherwise, the plotter draws the adaptive pattern for each chord 
in the circle (72 in the default chord angle mode). Not only may 
the pattern become indistinguishable, but the plotter requires 
more time than usual to draw the circle. 

EXAMPLE: The following draws a series of concentric circles 
using combinations of chord angles and line types. 
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10 ’Insert configure 

1 1 i on s t a terrier 1 1 1 re re 

20 PRINT ttl, “ IN; IPC 

1 1/1 cl ■ - 

3,0,S080,S@00;SC-100,1 

_L Ci J v J a 

30 PRINT ttl, “SPl;Pf 

30,0;LT;CI80;LTb;Cl-60 

40 PRINT ttl, “Cl40,C 

50;LT2;CI-20,72:SP0: ” 

50 END 



/ / , 

\ \'■ 
V \._ 


\ 

\ 

1 \ 


J / 
/ 


/ / 
I 

/ 


RELATED 

INSTRUCTIONS: AA, Arc Absolute 
AR, Arc Relative 
CT, Chord Tolerance 

ERRORS: 


Condition 

Error 

Plotter Response 

more than 2 parameters 

2 

uses first 2 parameters 

number out of range 

3 

ignores instruction 
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CT, Chord Tolerance 

USE: Determines whether the chord tolerance parameter of Cl, 
AA, AR, EW, WG instructions is interpreted as a chord angle in 
degrees or as a deviation distance in current units. 

SYNTAX: CTn; or CT; 


Parameter 

Format 

Range 

Default 

n 

integer 

0 to 1 

0 


REMARKS: A plotted circle or arc actually consists of a series of 
straight line segments, or chords. Increasing the number of 
chords increases the smoothness of the circle. Chord tolerance is 
interpreted as either a chord angle or a deviation distance. The 
plotter interprets the parameter as follows. 

• 0 — sets the chord tolerance to chord angle. The chord angle 
specifies, in degrees, the maximum angle created when lines 
from each end of the chord intersect the center point of the 
circle. When chord tolerance is specified as chord angle, the 
circle will always have the same number of chords, irrespective 
of its size. 

• I — sets chord tolerance to deviation distance. Deviation dis¬ 
tance specifies, in current units, the maximum distance be¬ 
tween the chord and the arc segment it represents. When you 
specify a deviation distance, the number of chords in the circle 
will vary with its size. 

• no parameter — is equivalent to CTO; and sets chord toler¬ 
ance to degrees (chord angle) mode. 

Refer to Maintaining Circle/Arc Smoothness at the beginning of 
this chapter for examples of chord tolerance modes. 

RELATED 

INSTRUCTIONS: AA, Arc Absolute 
AR, Arc Relative 
Cl, Circle 
EW, Edge Wedge 
WG, Wedge Fill 
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ERRORS: 


Condition 

Error 

Plotter Response 

more than 1 parameter 

2 

executes first parameter 

number not 0 or 1 

3 

ignores instruction 


EA, Edge Absolute Rectangle 

USE: Defines and outlines a rectangle using absolute coordi¬ 
nates. Use the EA instruction to create rectangles for chart 
legends, floor plans, flow diagrams, schematics, or to frame any 
drawing. 

SYNTAX: EA X,Y; 


Parameter 

Format 

Range 


X,Y 

real 

-32 768.0000 to 32 767.9999 
current units* 

none 


*When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 


REMARKS: The EA instruction defines a rectangle within the 
polygon buffer using absolute coordinates (you do not need to 
enter polygon mode), then edges it with a solid line using the 
current pen. This instruction includes an automatic pen down. 
The current pen location is the starting and ending point of the 
rectangle; the X,Y coordinates specify the opposite comer of the 
rectangle. When the rectangle is complete, the plotter restores the 
pen up/down status. 

NOTE: The EA instruction clears any previous polygon from the 
polygon buffer before defining the rectangle. ■ 

X.V coordinate 
location 


(starting point) 


Current 

nan Inr'atirtn 
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NOTE: The illustration shows the current pen location in the 
lower-left comer and the X,Y parameters in the upper-right cor¬ 
ner. However, your current pen location can represent any comer 
of the rectangle, as long as the X,Y parameters represent the 
comer diagonally opposite the current pen location. ■ 

EXAMPLE: In each of the following rectangles, the PA instruc¬ 
tion determines the rectangle starting point. Note the different 
placements of the rectangles’ opposite comers with relation to 
each of the starting points. To draw the same rectangles using 
relative coordinates, refer to the ER, Edge Relative Rectangle, 
instruction. See also the RA (Rectangle Absolute Fill) and RR 
(Rectangle Relative Fill) instructions for examples of filling rec¬ 
tangular areas. 


10 

’Insertc 

cm t i gu ra t i on s ta ternen t he re 

20 

PRINT 81, 

“ IN; IP-3000, -1500,0,0;SC0,2' 

30 

PRINT 81, 

“SP1; ” 

40 

PRINT 81, 

“ Ph©,100;ER95,60; ” 

50 

PRINT 81, 

“ PR200,100;EA105.60; ” 

60 

PRINT 81, 

“ F'A0,0; ER95,40; ” 

70 

PRINT 81, 

“PA200,0;ER105,40: ” 

90 

PRINT 81, 

“5P0; ” 

90 

END 



(PA 0,100) 

(PA 200,100) 

(EA 95,60) 


(EA 105,60) 

(EA 95,40) 

(EA 105,40) 





(PA 0,0) (PA 200,0) 


RELATED 

INSTRUCTIONS: ER, Edge Relative Rectangle 
RA, Rectangle Absolute Fill 
RR, Rectangle Relative Fill 
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ERRORS: 


Condition 

Error 

Plotter Response 

only 1 coordinate 

2 

ignores instruction 

more than 2 coordinates 

2 

uses first 2 coordinates 

number out of range 

3 

ignores instruction 

polygon buffer overflow 

7 

edges contents of buffer 


ER, Edge Relative Rectangle 

USE: Defines and outlines a rectangle using relative coordinates. 
Use ER to create rectangles for chart legends, floor plans, flow 
diagrams, schematics, or to frame any drawing. 

SYNTAX: ER X,Y ; 


Parameter 

Format 

Range 


X,Y 

real 

-32 768.0000 to 32 767.9999 
current units* 

none 


*When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 


REMARKS: The ER instruction defines a rectangle within the 
polygon buffer using relative increments from the current pen 
location (you do not need to enter polygon mode) and edges it 
with a solid line using the current pen. This instruction includes 
an automatic pen down. The current pen location is the starting 
and ending point of the rectangle; the X,Y increments specify the 
opposite comer of the rectangle. When the rectangle is complete, 
the plotter restores the pen up/down status. 

NOTE: The ER instruction clears any previous polygon from the 
polygon buffer before defining the rectangle. ■ 
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Current 
pen location 
(starting point) 



X,Y increment 
location 


> Y increment 


X increment 


NOTE: The illustration shows the current pen location in the 
lower-left comer and the X,Y parameters in the upper-right comer. 
However, your current pen location can represent any comer of 
the rectangle, as long as the X,Y parameters represent the comer 
diagonally opposite the current pen location. ■ 


EXAMPLE: In each of the following rectangles, the PA instruc¬ 
tion determines the rectangle starting point. Note the different 
placements of the rectangles’ opposite comers with relation to 
each of the starting points. To draw the same rectangles using 
absolute coordinates, refer to the EA, Edge Absolute Rectangle, 
instruction. See also the RA (Rectangle Absolute Fill) and RR 
(Rectangle Relative Fill) instructions for examples of filling rec¬ 
tangular areas. 


10 ’Insert configuration statement here 

20 PRINT HI, “ IN;IP-3000,-1500,0,0;SC0,200,0,100;” 

30 PRINT Hi, “ SF'l; ” 

40 PRINT Hi, “Pfl0,100;ER95,-40; ” 

50 PRINT HI, “ PR200,100;ER-95,-40;’’ 

60 PRINT tti, “F'ft0,0;ER95,40; ” 

70 PRINT til, “PR200,0;ER-95,40; ” 

30 PRINT til, “SP0; ” 

30 END 


(PA 0,100) 

(PA 200,100) 

(ER 95,-40) 


(ER -95,-40) 

(ER 95,40) 

(ER -95,40) 




(PA 0,0) 

(PA 200,0) 
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RELATED 

INSTRUCTIONS: EA, Edge Absolute Rectangle 
RA, Rectangle Absolute Fill 
RR, Rectangle Relative Fill 

ERRORS: 


Condition 

Error 

Plotter Response 

only 1 coordinate 

2 

ignores instruction 

more than 2 coordinates 

2 

uses first 2 coordinates 

number out of range 

3 

ignores instruction 

polygon buffer overflow 

7 

edges contents of buffer 


EW, Edge Wedge 

USE: Outlines any wedge. Use these instructions to produce 
sectors of a pie chart. (You can fill a wedge using the WG, Wedge 
Fill, instruction.) 

SYNTAX: EW radius,start angle,sweep angle (,chord tolerance ); 


Parameter 

Format 

Range 

Default 

radius 

real 

-32 768.0000 to 

32 767.9999 current 
units* 

none 


real 

0 to ±360 degreesf 

none 

sweep angle 

real 

0 to ±360 degreesf 

none 

chord tolerance 
chord angle 

real 

0.1 to 180 degreesff 

5 degrees 

chord deviation 

real 

-32768.0000 to 

32 767.9999 current 
units 

equivalent to 

5 degrees 
chord angle 


*When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 
fThis is the practical range. The actual range is —32 768.0000 to 32 767.9999. 
ttThis is the practical range. The allowable range is —32 768.0000 to 32 767.9999. 
However, 0 is changed to 0.36; numbers from 180 to 360 are interpreted as 
360 — n; numbers greater than 360 are interpreted as n modulo 360 (the result 
following the above rules for numbers greater and less than 180). 


5-20 Drawing Circles, Arcs, Wedges, and Rectangles 





















REMARKS: The EW instruction defines a wedge within the 
polygon buffer (you do not need to enter polygon mode) and 
edges it with a solid line (EW includes an automatic pen down). 
The current pen location is the starting and ending point of the 
wedge. When the wedge is complete, the pen up/down position is 
restored. The plotter interprets the parameters as follows. 

• radius — measured in current units, specifies the distance 
from the current pen location to the start of the wedge’s arc. 
'Eie current pen location is the focal point of the wedge. The 
sign of the radius (+ or —) determines the orientation of the 
zero-degree reference point for the start angle and sweep angle. 
In the next illustration, note how a negative radius rotates the 
placement of the zero-degree reference point 180 degrees. 

• start angle — specifies at what angle from the zero-degree 
reference point the plotter draws the first radius. The sign of 
the start angle determines whether the radius is drawn clock- 
■vise from the zero-degree reference point or counterclockwise. 
A positive start angle positions the radius counterclockwise 
from the zero-degree reference point; a negative start angle 
positions the radius clockwise from the zero-degree reference 
point. 

NOTE: Start angle values that are greater than 360 degrees 
sire interpreted as modulo 360. ■ 

• sweep angle — specifies the number of degrees through 
which the arc of the wedge is drawn. A positive sweep angle 
draws the arc counterclockwise; a negative sweep angle draws 
the arc clockwise. If you specify a sweep angle greater than 
360 degrees, a 360-degree angle is used. 


Drawing Circles, Arcs, Wedges, and Rectangles 5-21 


5. Geometric Shapes 



5. Geometric Shapes 



Positive Radius 


270° 

I 



Negative Radius 

• chord tolerance — in degrees mode, specifies the maximum 
chord angle of the chords drawn to create the arc portion of 
the wedge; in deviation distance mode, specifies the distance 
between the chord drawn and the arc it represents. When 
using a large chord tolerance, note that the drawn chord is 
limited to the size of the sweep angle. 

If the chord angle is greater than 180, then 360 minus the 
specified chord angle is used. If you specify a chord angle of 
zero, a chord angle of 0.36 is used. 
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EXAMPLE: 


10 ’Insert configuration staternenthere 
20 PRINT 81, “ IN:SP1;PR1000,500; ” 

30 PRINT til, “EH-1000,90,18@; ” 

40 PRINT til, “EH-1000,330i, 120; ” 

50 PRINT SI, “PR-60,100; ” 

60 PRINT ttl, “ EH1000,30,60; ” 

70 PRINT SI, “SP0; ” 

80 END 



RELATED 

INSTRUCTIONS: WG, Wedge Fill 

ERRORS: 


Condition 

Error 

Plotter Response 

fewer than 3 parameters 

2 

ignores instruction 

more than 4 parameters 

2 

uses first 4 parameters 

number out of range 

3 

ignores instruction 

polygon buffer overflow 

7 

edges buffer contents 
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FT, Fill Type 


USE: Selects the shading pattern for filling polygons, rectangles, 
or wedges. Use this instruction to enhance charts with solid fill, 
parallel lines (hatching), or cross-hatching patterns. 

SYNTAX: FT type (,spacing(,angle))) or FT; 


Parameter 

Format 

Range 

Default 

type 

integer 

1 to 4* 

1 

spacing 

real 

0 to 32767.9999 
current units 

1% of P1/P2 distance 
(fill types 3 & 4 only) 

angle 

real 

0 to 180 degreesf 

0 degrees 


*This is the practical range. The actual range is 1 to 6 for compatibility with 
other HP plotters. This plotter uses the default fill type for values of 5 and 6. 
fThis is the practical range. The actual range is —32 768.0000 to 32 767.9999. 


REMARKS: The plotter stores all three parameters of the FT 
instruction so that on subsequent FT instructions you can omit 
either the third or second and third parameters if you want them 
to remain the same. The plotter will use the corresponding values 
from the previous FT instruction in place of the missing 
parameters. 

For example, after executing FT3,100,45;, you enter FT4;. The 
plotter will use the spacing and angle parameters from the first 
instruction and implement FT4,100,45;. 

If you omit all parameters (FT;) the plotter uses the default values. 
The plotter interprets the parameters as follows. 


• type^ -r-fleets one of the following shading patterns. 



3 hatch 


4 cross-hatch 
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Although fill types 1 and 2 are solid, fill type 1 uses bidirec¬ 
tional filling, while fill type 2 uses unidirectional filling. For 
the highest quality solid fill on transparency film, use type 2. 
The spacing parameter is ignored; the line spacing for both of 
these fill types is determined using the PT (Pen Thickness) 
instruction. 

Fill types 3 and 4 use the current line type as defined by the 
LT instruction. The plotter draws solid line types bidirec¬ 
tionally, nonsolid line types are drawn unidirectionally. 

• spacing — is the distance in current units between parallel 
lines in the fill area for fill types 3 and 4. When scaling is on, 
the spacing parameter is interpreted as user units along the 
X-axis. 

Until you specify a spacing parameter, the plotter uses the 
default spacing of 1% of the diagonal distance between PI and 
P2. When the plotter is using the default spacing, subsequent 
changes in PI and P2 can affect the spacing. After you specify 
a spacing parameter, the plotter uses the current unit spacing 
for subsequent fill types until you initialize the plotter, specify 
a new spacing parameter, or send FT without parameters. 

• angle — is referenced counterclockwise from the positive 
direction of the X-axis as shown in the following illustration; 0 
and 180 are horizontal, 90 and 270 are vertical. The angle 
applies to all fill types. For cross-hatching, the plotter draws 
the first set of lines at the specified angle; the second set are 
then drawn at that angle plus 90 degrees. 




EXAM PLE: The following shows how you can create innumerous 
fill patterns by changing a single FT parameter at a time. You 
can also make dramatic changes by altering the line type as 
well. For more examples of area fill, refer to the following 
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instructions elsewhere in this chapter: WG, RA, and RR. Also 
refer to the PM (Polygon Mode) instruction and the FP (Fill Poly¬ 
gon) instruction in Chapter 6. 


10 

’ I rise i 

r t ( 

;:ont igu 

r a t.ion s taterrier 1 1 

here 

20 

PRINT 

HI 

“IN; 3 

F'l; ” 


3© 

PRINT 

til 

“ F'A0, 

1000;FT3,100; ” 


40 

PRINT 

HI 

“ RR1@ 

00,600;ER1000,60 

i0; ” 

50 

PRINT 

HI 

“ PA22 

00,1000;FT3,100, 

45; ' 

60 

PRINT 

HI 

“ RR12 

00,600;ER1200,60 

'0; ” 

70 

PRINT 

HI 

“PH0, 

0; FT4; ” 


80 

PRINT 

HI 

“ RR10 

00,400;ER1000,40 

|0; ” 

90 

PRINT 

HI 

“PR22 

00,0;FT4,200; ” 


100 

PRINT 

HI 

“RR12 1 

00,400;ER1200,40 

0; ” 

110 

PRINT 

HI 

“SP0; 



120 

END 






Drawn by 
lines 30-40 




Drawn by 
lines 50-60 




Drawn by 
lines 70-80 




Drawn by 
lines 90-100 


RELATED 

INSTRUCTIONS: 


LT, Line Type 
PM, Polygon Mode 

PT, Pen Thickness 

RA, Rectangle Absolute Fill 
RR, Rectangle Relative Fill 
WG, Wedge Fill 


ERRORS: 


Condition 

Error 

Plotter Response 

more than 3 parameters 

2 

uses first 3 parameters 

number out of range 

3 

uses parameter of 
previous FT instruction 
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PT, Pen Thickness 

USE: Varies the spacing between parallel lines in solid-fill pat¬ 
terns according to the thickness of the pen-tip. 

SYNTAX: PT pen thickness ; or PT ; 


Parameter 

Format 

Range 

Default 

pen thickness 

real 

0.1 to 5.0 millimetres 

0.3 millimetres 


REMARKS: The pen thickness parameter represents the phys¬ 
ical pen-tip width in millimetres. Pen-tip width is an average 
width. The PT instruction allows you to make the necessary 
adjustment to compensate for slight differences in pen tips. 

When you specify a pen thickness, the plotter adjusts the spacing 
between parallel lines in solid-fill patterns to half of the pen 
thickness. If your solid fill has unwanted gaps showing between 
the lines, specify a smaller pen thickness parameter than your 
pen indicates. You can plot with a less dense solid fill by specify¬ 
ing a larger pen thickness than your pen indicates. The larger 
the pen thickness, the less strokes (and time) required to fill an 
area. 

The PT instruction pertains only to the currently selected pen. It 
remains in effect until: 

• a new pen is selected using an SP instruction or manually 
from the front panel 

• a new PT instruction is executed 

• the plotter is initialized or set to default conditions 

EXAMPLE: Both of the following rectangles use the same pen. 
The rectangle on the left specifies a pen thickness of 0.3, the 
actual width of the pen tip; the rectangle on the right specifies a 
pen thickness of 0.7, more than twice the width of the pen tip. 
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10 ’Insert configuration statement here 
20 PRINT 81, “ IN;SP1;PR5000,5000; ” 

30 PRINT 81, “PT.3;RR500,1000; ” 

40 PR I NT 81, “ PLI; PR1000,0; ” 

50 PRINT 81, “PT.7;RR500,100@; ” 

60 PRINT 81, “SP0; ” 

70 END 



Drawn by Drawn by 

line 30 line 50 


RELATED 

INSTRUCTIONS: FT, Fill Type 
ERRORS: 


Condition 

Error 

Plotter Response 

more than 1 parameter 

2 

uses first parameter 

parameter out of range 

3 

ignores instruction 


RA, Rectangle Absolute Fill 

USE: Fills a rectangular area defined by absolute coordinates. 
Use this instruction to fill rectangles required by chart legends, 
logos, and other plots. 

SYNTAX: RAZ,F; 


Parameter 

Format 

Range 

Default 

X,Y 

real 

-32 768.0000 to 32 767.9999 
current units* 

none 


*When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 
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REMARKS: The RA instruction defines a rectangle within the 
polygon buffer using absolute coordinates (you do not need to 
enter polygon mode), then fills it using the current fill pattern 
(including line type). This instruction includes an automatic pen 
down. The current pen location represents one comer of the rec¬ 
tangle; you need specify only the absolute X,Y coordinates for 
the opposite comer of the rectangle. After filling the rectangle, 
the plotter returns the pen to the starting point and restores the 
pen up/down status. 

EXAMPLE: The following illustrates the RA instruction used 
with different fill types (refer to the FT, Fill Type, instruction) to 
create rectangular areas as might be used in chart legends. 


10 

’ Insert configuration statement here 

20 

PRINT 81, 

“IN;SP1;PA1000,1000; ” 

30 

PRINT 81, 

“ FT1; ” 

40 

PRINT 81, 

“RA2000,1400; ” 

50 

PRINT 81, 

“ PR1100,0;FT4,100,45; ” 

60 

PRINT 81, 

“Rfi3100,1400: ” 

70 

PRINT 81, 

“ PR.1100,0; FT3,100,0; ” 

CD 

PRINT 81, 

“ RR4200,1400; ” 

90 

PRINT 81, 

“SP0; 


100 END 



Drawn by Drawn by Drawn by 

lines 30-40 lines 50-60 lines 70-80 


Refer to the EA (Edge Absolute Rectangle) or ER (Edge Relative 
Rectangle) instructions to outline the rectangular areas, and to 
the RR (Relative Rectangle Fill) instruction to create these same 
rectangles using relative coordinates. 

RELATED 

INSTRUCTIONS: EA, Edge Absolute Rectangle 
ER, Edge Relative Rectangle 
FT, Fill Type 
LT, Line Type 
RR, Rectangle Relative Fill 
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ERRORS: 


Condition 

Error 

Plotter Response 

1 parameter 

2 

ignores instruction 

more than 2 parameters 

2 

uses first 2 parameters only 

parameter out of range 

3 

ignores instruction 

polygon buffer overflow 

7 

ignores overflowing data 


RR, Relative Rectangle Fill 

USE: Fills a rectangular area defined using relative coordinates. 
Use this instruction to fill rectangles required by chart legends, 
logos, and other plots. 

SYNTAX: RRX,F; 


Parameter 

Format 

Range 

Default 

X,Y 

real 

-32 768.0000 to 32 767.9999 
current units* 

none 


*When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 


REMARKS: The RR instruction defines a rectangle within the 
polygon buffer using relative increments (you do not need to 
enter polygon mode), then fills it using the current fill pattern 
(including line type, if applicable). This instruction includes an 
automatic pen down. The current pen location represents one 
comer of the rectangle; you need specify only the relative X,Y 
increment for the opposite corner of the rectangle. After filling 
the rectangle, the plotter returns the pen to the starting point and 
restores the pen up/down status. 

EXAMPLE: The following illustrates the RR instruction used 
with different fill types (refer to the FT, Fill Type, instruction) to 
create rectangles such as those you might use for chart legends. 
Compare this program with the example for the RA instruction 
to understand the differences between the parameter values. 


5-30 Drawing Circles, Arcs, Wedges, and Rectangles 






















10 'Insert configuration statement here 
20 PRINT 81, “ IN;SP1;PA1000,1000; ” 

30 PRINT 81, “FT1; ” 

40 PRINT 81, “RR1000,400; ” 

50 PRINT 81, “ PR1100,0;FT4,100, 45; ” 

60 PRINT 81, “RR1000,400; ” 

70 PRINT 81, “PR1100,0;FT3,100,0; ” 

30 PRINT 81, “RR1000,400; ” 

80 PRINT 81, “3P0; ” 

100 END 



Drawn by Drawn by Drawn by 

lines 30-40 lines 50-60 lines 70-80 


RELATED 

INSTRUCTIONS: EA, Edge Absolute Rectangle 
ER, Edge Relative Rectangle 
FT, Fill Type 
LT, Line Type 
RA, Rectangle Absolute Fill 


ERRORS: 


Condition 

Error 

Plotter Response 

1 parameter 

2 

ignores instruction 

more than 2 parameters 

2 

uses first 2 parameters only 

parameter out of range 

3 

ignores instruction 

polygon buffer overflow 

7 

ignores overflowing data 
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WG, Wedge Fill 

USE: Defines and fills any sector of a circle. Use this instruction 
with different fill types, line types, and pen thicknesses to produce 
individualized wedges. 

SYNTAX: WG radius,start angle,sweep angle (,chord tolerance ); 


Parameter 

Format 

Range 

Default 

radius 

real 

-32 768.0000 to 
32767.9999 current 
units* 

none 

start angle 

real 

0 to ±360 degrees! 

none 

sweep angle 

real 

0 to ±360 degrees! 

none 

chord tolerance 
chord angle 

real 

0.1 to 45 degrees!! 

5 degrees 

chord deviation 

real 

-32 768.0000 to 

32 767.9999 current 
units 

equivalent to 

5 degrees 
chord angle 


*When scaling is on, the range may be smaller. Refer to User Units in Chapter 2. 
tThis is the practical range. The actual range is —32 768.0000 to 32 767.9999. 
ttThis is the practical range. The allowable range is 32 768.0000 to 32 767.9999. 
However, 0 is changed to 0.36; numbers from 180 to 360 are interpreted as 
360 — n; numbers greater than 360 are interpreted as n modulo 360 (the result 
following the above rules for numbers greater and less than 180). 

REMARKS: The WG instruction defines a wedge within the 
polygon buffer (you do not need to enter polygon mode), then fills 
it using the current fill pattern. The current pen location is the 
focal point of the wedge. When the wedge is complete, the plotter 
returns the pen to this location and restores its up/down status. 
The plotter interprets the parameters as follows. 

• radius — specifies the distance from the current pen location 
to the wedge’s arc. The sign of the radius determines the orien¬ 
tation of the zero-degree reference point for the start angle and 
sweep angle. In the next illustration, note how a negative 
radius rotates the placement of the zero-degree reference point 
180 degrees. 

• start angle — specifies at what angle from the zero-degree 
reference point the plotter draws the first radius. The sign of 
the start angle determines whether the radius is drawn clock¬ 
wise from the zero-degree reference point or counterclockwise. 
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A positive start angle positions the radius counterclockwise 
from the zero-degree reference point; a negative start angle 
positions the radius clockwise from the zero-degree reference 
point. 

NOTE: The plotter interprets all values greater than 360 as 
modulo 360. ■ 

• sweep angle — specifies the number of degrees through 
which the arc of the wedge is drawn. A positive sweep angle 
draws the arc counterclockwise; a negative sweep angle draws 
the arc clockwise. If you specify a sweep angle greater than 
360 degrees, a 360-degree angle is used. 



270° 


Positive Radius 


270° 

I 



Negative Radius 
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• chord tolerance — in degrees mode, specifies the maximum 
chord angle of the chords drawn to create the arc portion of 
the wedge; in deviation distance mode, specifies the distance 
between the chord drawn and the arc it represents. When 
using a large chord tolerance, note that the drawn chord is 
limited to the size of the sweep angle. 

If the chord angle is greater than 180, then 360 minus the 
specified chord angle is used. If you specify a chord angle of 
zero, a chord angle of 0.36 is used. 

EXAMPLE: The following illustrates how you can combine the 
WG instruction with different fill types to create a pie chart with 
an offset wedge. 


10 ’Insert configuration staternent here 
20 PRINT 81, “IN;SP1;PA1000,500;FT3,75,45; ” 
30 PRINT 81, “WG-1000,90,180; ” 

40 PRINT 81, ‘TT4.60; ” 

50 PRINT 81, “WG-1000,330,120; ” 

60 PRINT 81, “PR-60,100;FT1,0,0; ” 

70 PRINT 81, ‘‘WG1000,90,60; ” 

80 PRINT 81, “SP0; ” 

90 END 



Drawn by 
line 30 


To give the wedges more definition, you can outline them using 
either the EW (Edge Wedge) instruction or the EP (Edge Polygon) 
instruction. You can use the EP instruction because each wedge 
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is defined within the polygon buffer before it is filled. Insert 
either set of the following program lines into the previous pro¬ 
gram to outline the wedges that program draws. 

Using the EW instruction 

35 PRINT til, “EU-1000,30,180; ” 

55 PR I NT til, “ EW -1000,330,120; ” 

75 PRINT til, “EW1000,90,60; ” 

Using the EP instruction 

35 PRINT HI, “EP; ” 

55 PRINT til, “EP;” 

75 PRINT til, “EP;” 



Note that an EP instruction edges the polygon currently in the 
polygon buffer and therefore must always follow the instructions 
that define the polygon’s shape. Refer to the EP, Edge Polygon, 
instruction in Chapter 6. Because the EW instruction includes 
the same parameters as the WG instruction, you can place the 
EW instruction anywhere in the program listing. 

RELATED 

INSTRUCTIONS: EW, Edge Wedge 
FT, Fill Type 
LT, Line Type 
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ERRORS: 



Condition 

Error 

Plotter Response 

fewer than 3 parameters 

2 

ignores instruction 

more than 4 parameters 

2 

uses first 4 parameters 

number out of range 

3 

ignores instruction 

polygon buffer overflow 

7 

fills buffer contents 
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CHAPTER 



Drawing Polygons and 
Using the Polygon Buffer 


This chapter discusses how to place the plotter in polygon mode, 
define and draw polygons within the polygon buffer, and change 
the allocation of polygon buffer space, when necessary. 


Understanding and Defining Polygons 

A polygon is a closed shape made up of straight lines and/or arcs 
that the plotter draws by filling with a shaded pattern and/or 
outlining. With the exception of circles, rectangles, and wedges 
(all three are examples of polygons), you must place the plotter in 
polygon mode to define shapes before drawing them. Polygon 
mode lets you actively use polygon buffer space to define a shape 
before drawing it. You can also use a series of polygons, called 
subpolygons, when the shape you need requires it. For example, 
the block letter O is a polygon composed of two subpolygons; the 
outer circle, and the inner circle. You can use polygon mode to 
create numerous shapes or logos. 

When defining polygons, you can use the following HP-GL 
instructions. 

Appropriate Polygon Mode Instructions 


PM 

PA/PR 

PU/PD 

AA/AR 

Cl 

CT 


Polygon mode instruction 
Plotting instructions 
Pen instructions 
Arc instructions 
Circle instruction 
Chord Tolerance 
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These instructions are stored in the polygon buffer until they are 
replaced with another polygon, the plotter is initialized, or plotter 
memory is reallocated. You can also use all of the output instruc¬ 
tions while in polygon mode.* The plotter does not store the 
output instructions in the polygon buffer, they are executed 
immediately. If you issue the IN (Initialize) instruction while in 
polygon mode, the plotter exits polygon mode and immediately 
begins executing subsequent instructions. You must exit polygon 
mode to execute other HP-GL instructions. 

Drawing Polygons and Subpolygons 

Knowing and understanding the proper sequence for defining 
polygons and subpolygons lets you use the polygon buffer space 
effectively. Using the proper sequence can help prevent dividing 
one polygon into multiple polygons with stray lines, or overflow¬ 
ing the polygon buffer with too many points or vertices. The 
following steps define and draw polygons. 

1. Move your pen to the point that will be the starting location 
for your polygon. Then use the PM, Polygon Mode, instruction 
to enter polygon definition mode. 

2. Define the shape of your polygon using any combination of 
the instructions listed previously. (The vectors that define your 
polygon are stored in the polygon buffer until you exit polygon 
mode.) 

3. Close the current polygon and either begin a subpolygon or 
exit polygon mode. 

4. Fill the polygon using the FP, Fill Polygon, instruction, and/or 
outline it using the EP, Edge Polygon, instruction. 

Refer to the PM (Polygon Mode) instruction later in this chapter 
for a full description of the parameters that open and close poly¬ 
gons and subpolygons. 

You can define points with the pen up or down. However, the EP 
instruction only draws between points that are defined when the 
pen is down. The FP instruction fills all vertices, regardless of 
whether the pen is up or down when defined. 

*The output instructions are OA, OC, OD, OE, OF, OH, 01, 00, OP, OS, and 
OW. (Refer to Chapters 10, 11, and 12.) 
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Drawing Circles in Polygon Mode 

Polygon mode interprets the Cl (Circle) instruction differently 
from the other HP-GL instructions. The plotter treats a circle as 
a complete subpolygon; that is, the plotter automatically closes 
the first polygon (if any) before starting the circle, and the first 
coordinates (if any) after the circle is drawn start a new sub¬ 
polygon. 

If you have not completely closed your first polygon when you 
issue the Cl instruction, the plotter automatically closes it for 
you by adding a point. This can change your current pen location 
and the placement of the circle in your polygon resulting in an 
inaccurate polygon. In the following illustration, only two sides 
of the triangle were drawn before the circle instruction was issued 
as a subpolygon. This forced the closure of the triangle changing 
the location of the circle. 



The following illustration shows the polygon as it should appear 
when the first polygon is closed properly. (The EP (Edge Polygon) 
instruction example shows the correct method of drawing this 
polygon.) 
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NOTE: In polygon mode, the smaller a circle’s chord tolerance, 
the more chords will be stored in the polygon buffer to draw it. 
Circles with small chord tolerances, then, can easily overflow the 
polygon buffer and the circle will be drawn incompletely. ■ 

Using the Polygon Buffer 

The polygon buffer is a temporary storage area for the instruc¬ 
tions that create individual polygons. Polygons refer to those 
shapes created in polygon mode and by the wedge and rectangle 
instructions (discussed later in this chapter). Once a polygon is 
stored, it remains in the polygon buffer until it is replaced by a 
subsequent polygon, or until the buffer is cleared during initial¬ 
ization or memory allocation. 

The polygon buffer must be large enough to store the largest 
polygon in your plot. If the buffer is too small, it overflows and 
the polygon is drawn incompletely. The default size of the poly¬ 
gon buffer is 1024 bytes. This size lets the polygon buffer store 
any polygon having up to 93 points; this is sufficient for most 
polygons. 

When the polygon buffer overflows, the plotter generates an error. 
You can verify the size of all buffers by using the ESC . S instruc¬ 
tion (see Chapter 14). Enlarge the polygon buffer using either the 
GM (Graphics Memory) instruction described later in this chapter 
or the ESC . T instruction described in Chapter 14. 
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Before you change the polygon buffer allocation, it is most 
important that you thoroughly understand the PM instruction 
and its parameters, along with the instructions (and parameters) 
with which you define polygons. The following discussion as¬ 
sumes that you are familiar with these instructions. 

Determining the Approximate Buffer Size 

To determine whether or not the polygon buffer has enough room 
for your polygon, you need to convert the number of points in 
your polygon into bytes. The following formula is approximate, 
but it will suit most situations. For a more accurate formula, see 
Determining the Exact Buffer Size later in this chapter. 

# of bytes = # of points X 11 

Counting the Points in Your Polygon 

The starting pen location and each subsequent point define a 
polygon. As shown in the following illustration, a rectangle is 
defined by 5 points, not 4. This is because the starting location is 
counted again as the ending location. 



5(Close) 

1 (Start) 

The following shape has 7 points. 



5 

6 
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Determining the Number of Points in an Arc or Circle 

When an arc or circle defines a polygon, the number of points 
depends on the number of chords in the arc. When you are using 
chord angles to determine chord tolerance, use the following 
formula to determine the number of points used to draw an arc or 
circle. 

Chord Angle Formula 

# of points = arc size (degrees)/chord angle (degrees) 4- 1 

Using this formula, a full circle with the default chord angle of 5 
degrees consists of 73 points (360/5 4- 1 — 73) and a 45-degree arc 
with a chord angle of 3 consists of 16 points (45/3 + 1 = 16). 

NOTE: If the chord angle does not divide evenly into the arc, 
round up to the next integer before adding one: 45/2 4- 1 = 23 + 1 
= 24. ■ 

When using deviation distance mode rather than degrees, the 
calculation changes. Use the following procedures to convert your 
deviation distance information to a chord angle, then use the 
formula above. 

When you draw a circle or arc using a specific deviation distance, 
two things are known, the radius (R) and the deviation distance 
(D). When you bisect a chord, you divide the radius into the 
deviation distance and the radius minus the deviation distance 
(R — D). Refer to the following illustration. 


\ 
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The angle 6 is determined by the following equation 
6 = ARCCOS((R - D)/R) 

Because you want the angle that created the whole chord, not the 
bisected chord, the chord angle is twice 9. When you have the 
chord angle, use the chord angle formula to determine the number 
of points in the circle. 

For example, consider a circle where the radius is 1000 and the 
deviation distance is 20, the angle 6 equals ARCCOS ((1000 
— 120/1000) or 11.5 degrees. The chord angle that created the 
whole chord is 23 degrees (11.5 X 2). Using the chord angle formula 
above the number of points is then (360/23) + 1 = 16+ 1 = 17. 

Determining the Exact Buffer Size 

In most situations, the methods previously described will provide 
the best approximation. The following formula is more precise if 
you want to allocate unused bytes to the I/O and/or pen sort 
buffers. 

number of bytes = [(pi + fl) + (p2 + f2) +...] 

Each segment of the equation is described as follows: 
p represents 2 bytes needed by any of the following. 

— a PU or PD that changes the pen up/down position and 
has X,Y coordinates following, or 

— a PM0 or PM1 instruction. (Note that a PMl instruction 
includes an automatic pen up. A PM1;PU... instruction, 
then, uses only 2 bytes since the PU instruction does not 
change the pen status.) 

f is defined by the following formula. 

f = (9 X total number of points) + (total number of points/256) 
X 2 

(Use the integer portion of the division by truncating any 
decimal fraction, not by rounding. That is, for 200 points, 
f = (9 X 200) + ((200/256) X 2) = 1800 + 0 = 1800; because 
200/256 = 0, not 0.7813.) 
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To better understand the equation, let’s try an example. 


“ F’fiQ, 0; ” 

“ PM0; F'D0,10,10, 16: ” 

• ‘PD20,20,30,14,-40,13,50,16: ” 

“ PDG0,22,60,0,0,0; ” 

“PHI;PU4.4;PD4,8,16,8,16,4,4,4; ” 
“PU; PM2; ” 


This polygon has 15 points. The following shows you how the 
number of bytes is determined for this polygon. 


PMO uses 2 bytes 


Current pen location is first point; solve f using 
1 point 


2 

9 


PD changes pen status, using 2 bytes 


2 


2 points follow PD; solve f using 2 points 18 


PD does not change pen status and 4 points fol- 36 
low; solve f using 4 points 


PD does not change pen status and 3 points fol- 27 
low; solve f using 3 points 


PM1 uses 2 bytes* 2 

PU does not change pen status and 1 point fol- 9 

lows; solve f using 1 point 


PD changes pen status, using 2 bytes 2 

4 points follow PD; solve f using 4 points 36 

Total number of bytes required for this polygon is 143 


Contrast this number with the previous formula, that for an 
approximate buffer size. The polygon has 15 points, so the ap¬ 
proximate size of the polygon buffer is 165 bytes (15 X 11). You 
save 22 bytes for the I/O or pen sort buffers using the more 
precise equation. 

*In this example, the last point before PM1 closed the subpolygon, and was 
included in the previous point count when solving for f. However, if you do not 
include a point that closes the subpolygon, the plotter will automatically add 
this point, so you would need to add 9 (solve f for one point) after the PM1. This 
also holds true for PM2 if you do not include a point that closes the polygon. 
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Changing the Size of the Polygon Buffer 

You can use one of two instructions to change memory allocation. 
These are the GM, Graphics Memory, instruction and the ESC .T 
instruction, which changes configurable memory allocations. The 
GM instruction described later in this chapter, allocates memory 
to two of the three buffers; it does not change the size of the I/O 
buffer. The ESC .T instruction is a device-control instruction that 
allocates memory to all three buffers (ESC.T is described in 
Chapter 14). 

The following guidelines will help you decide which instruction 
to use. 

• Use the GM instruction when you don’t need to change the 
size of the I/O buffer. The GM instruction is easiest to use. 
Unlike the ESC .T instruction, GM enters the I/O buffer and 
is executed in sequence with other HP-GL instructions. It does 
not purge the contents of the I/O or pen sort buffers before 
allocating memory. 

• Use the ESC .T instruction when you also need to change the 
size of the physical I/O buffer. ESC .T first clears all buffers, 
then allocates memory. Since it is a device-control instruction, 
it does not enter the I/O buffer but is executed immediately. 
When you use ESC.T, precede it with an ESC.O to ensure 
that the I/O and pen sort buffers are empty before memory is 
allocated. 

Refer to Understanding the Plotter’s Buffers in Chapter 1 for an 
overview of each of the plotter’s buffers. 

EP, Edge Polygon 

USE: Outlines the polygon currently stored in the polygon buf¬ 
fer. Use this instruction to edge polygons that you defined in 
polygon mode and with the rectangle and wedge instructions 
(RA, RR, and WG). 

SYNTAX: EP; 
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REMARKS: The EP instruction outlines any polygon that is 
currently in the polygon buffer. This includes wedges and rec¬ 
tangles defined using the WG, RA, and RR instructions. EP 
accesses the data in the polygon buffer, but does not clear the 
buffer or change the data in any way. 

EP only edges between points that were defined with the pen 
down. These are edged using the current pen and line type; the 
edge rectangle instructions (E A and ER) and edge wedge instruc¬ 
tion (EW) outline using a solid line only. When finished the pen 
returns to its original location and position (up/down). 

EXAMPLE: The following creates a shape in polygon mode, then 
uses EP to outline it. 


10 ’Insert configuration statement here 
20 PRINT til, “ IN;SP1:PH0,0: ” 

30 PRINT 81, “ PM0;PD2000,0,0,2000,0,0;PM1; ” 
40 PRINT til, ‘‘PUS00,600;C1500;Pt'12; ’’ 

50 PRINT 81, “EP; ” 

60 PRINT 81, “SP0; ” 

70 END 
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RELATED 

INSTRUCTIONS: EA, Edge Absolute Rectangle 
ER, Edge Relative Rectangle 
EW, Edge Wedge 


ERRORS: 


Condition 

Error 

Plotter Response 

use of a parameter 

2 

executes instruction 

no polygon defined 

none 

ignores instruction 


FP, Fill Polygon 

USE: Fills the polygon currently in the polygon buffer. Use FP 
to fill polygons defined in polygon mode and by the edge rectangle 
and wedge instructions (EA, ER, and EW). 

SYNTAX: FP; 

REMARKS: The FP instruction fills a polygon that has been 
previously placed in the polygon buffer, but does not clear the 
buffer or in any way change the data. 

The polygon is filled using the current pen, fill type, and line type 
(if the fill type is not solid). On completion of the FP instruction, 
the plotter restores the original location and pen up/down status. 

EXAMPLE: The following creates a polygon composed of two 
subpolygons. In this case, the FP instruction fills alternating 
areas, beginning with the outside area. After the polygon is filled, 
you may want to outline it (using the EP, Edge Polygon, instruc¬ 
tion) to give the polygon a smooth, finished appearance. 
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10 

'Insertc 

onfiguration statement he 

20 

PRINT 81, 

“ IN;SP1:PR2000,2000; ” 

30 

PRINT 81, 

" PM®;C11000,60;C1500;PM 

40 

PRINT 81, 

“LT4;FT3,5®,45; 77 

50 

PRINT 81, 

“FP; 77 

60 

PRINT 81, 

“SP0; 77 

70 

END 




RELATED 

INSTRUCTIONS: EP, Edge Polygon 
FT, Fill Type 
LT, Line Type 
PM, Polygon Mode 
RA, Rectangle Absolute Fill 
RR, Relative Rectangle Fill 
WG, Wedge Fill 

ERRORS: 


Condition 

Error 

Plotter Response 

one or more parameters 

2 

executes instruction 

previous PM, RA, RR, or WG 
instruction overflowed the 
polygon buffer 

7* 

ignores instruction 


*Error actually occurs when buffer overflows. That is, it is possible to define and 
edge a polygon, but not be able to fill it. 


6-12 Drawing Polygons and Using the Polygon Buffer 










GM, Graphics Memory 

USE: Allocates memory to two of the three buffers in the config¬ 
urable graphics memory. 

SYNTAX: GM (polygon buffer)(,downloadable character buffer*) 
(,replot buffer*)(,vector buffer*)(,pen sort buffer); 
or GM; 


Parameter 

Format 

Range 

Default 

polygon buffer 

integer 

0 to 7434 bytes 

1024 bytes 

downloadable character buffer* 

integer 

0 

0 

replot buffer* 

integer 

0 

0 

vector buffer* 

integer 

0 

0 

pen sort buffer 

integer 

12 to 7446 bytes 

5400 bytes 


REMARKS: The plotter has a total of 7448 bytes of available 
memory in three buffers: the polygon buffer, the pen sort buffer 
and the physical I/O buffer. The GM instruction does not change 
the size of the physical I/O buffer. Use the ESC.T instruction 
(Chapter 13) if you need to change the physical I/O buffer, along 
with the polygon and pen sort buffers. 

When the I/O buffer size is set to its minimum size (2 bytes), you 
can allocate 7446 bytes between the remaining two buffers, with 
a minimum of 12 going to the pen sort buffer. If you increase any 
buffer above its default size, you must decrease the size of another 
buffer by an equivalent amount. 

The GM instruction is executed like other HP-GL instructions; 
that is, on a first-in/first-out basis. ESC.T is a device-control 
instruction and is executed immediately. The advantage of the 
GM instruction is that it lets you alter the size of the polygon 
buffer, for example, for a large and/or intricate polygon at the 
moment that you need the extra buffer space, rather than at the 
beginning of the program. As soon as you are through drawing 


*This plotter does not have these buffers and ignores any values in these posi¬ 
tions. These parameter positions provide compatibility with other HP plotters. 
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the polygon, you can immediately reset the polygon and pen sort 
buffers to more reasonable sizes with no loss of data. 

The GM instruction clears the polygon buffer before allocating 
memory; it does not affect the I/O buffer. If the total memory 
allocation (including the current I/O buffer) exceeds the available 
memory (that is, greater than 7448 bytes), the plotter ignores the 
instruction. For example, the instruction GM4000,0,0,0,2500; 
is valid only if the I/O buffer has been previously reduced from 
its default size of 1024 to 948; otherwise, the allocation exceeds 
7448 bytes and the instruction is ignored. On the other hand, the 
instruction GM4000,0,0,0,2400; does not require that you 
change the I/O buffer from its default size. 

NOTE: If you specify less than five parameters with the GM 
instruction, the plotter allocates the buffers in order and sets any 
subsequent, unspecified buffer to its default allocation. For 
example, GM512; sets the polygon buffer to 512 and defaults the 
pen sort buffer to 5400. 

The plotter allows you to specify more than five parameters to 
allow for compatibility with future HP plotters. ■ 

RELATED 

INSTRUCTIONS: ESC . T (device-control instruction for allo¬ 
cating memory) 

ERRORS: 


Condition 

Error 

Plotter Response 

parameter less than minimum 
range 

none 

sets buffer to minimum 

sum of parameters (and I/O buffer) 
exceeds 7448 bytes 

3 

ignores instruction 


PM, Polygon Mode Instruction 

USE: Enters polygon mode for defining shapes such as block 
letters, logos, surface charts, or any unique or intricate area, and 
exits for subsequent filling and/or edging. Fill polygons using 
the FP (Fill Polygon) instruction and/or outline them using the 
EP (Edge Polygon) instruction. 
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SYNTAX: PMn; or PM; 


Parameter 

Format 

Range 

Default 

n 

integer 

0,1, and 2 

0 


REMARKS: In polygon mode, you define the area of the poly¬ 
gon^) using HP-GL instructions. These instructions (and asso¬ 
ciated X,Y coordinates) are stored in the polygon buffer. The 
polygon is not plotted until you exit polygon mode and fill and/or 
outline the area. 

The PM instruction accepts only three parameters: 

• 0 — clears the polygon buffer and enters polygon mode. This 
is the same as no parameter (PM;). 

• 1 — closes the current polygon (or subpolygon). 

• 2 — closes current polygon (or subpolygon) and exits polygon 
mode. 

The following paragraphs explain how to use each parameter. 
The order in which you use these instructions is very important. 

PMO; or PM; 

Use PMO; to clear the polygon buffer and enter polygon mode. 
While in polygon mode, you can use certain instructions to define 
your polygon. The following table lists these instructions. 

Appropriate Polygon Mode Instructions 

PM Polygon mode 

PA/PR Plotting modes 
PU/PD Pen positions 
AA/AR Arc instructions 
Cl Circle instruction 

CT Chord tolerance instruction 

The polygon buffer stores the lines (vectors) that define your 
polygon. These vectors are accessed later when you exit polygon 
mode and fill and/or edge the polygon. 
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NOTE: While in polygon mode, the Cl instruction is interpreted 
differently than other HP-GL instructions. Refer to Drawing 
Circles in Polygon Mode, earlier in this chapter for more details. 

You can also use the IN (Initialize) instruction, which exits poly¬ 
gon mode and begins executing subsequent instructions imme¬ 
diately. Output instructions can also be used; they are not stored 
in the buffer, but are executed immediately. You must exit poly¬ 
gon mode to execute other HP-GL instructions. 

When you define polygons, the pen location before PMO; is the 
first point (vertex) of the polygon, and the first point stored in the 
polygon buffer. For example, if you execute the following instruc¬ 
tions, PAO, 1750; PMO ;, the absolute coordinates 0,1750 are the 
first point of your polygon. Each subsequent pair of coordinates 
defines a point, or vertex, of the polygon. 

You can define points with the pen up or down. However, the EP 
instruction only draws between points that are defined when the 
pen is down. The FP instruction fills the area(s) between all 
vertices, regardless of whether the pen is up or down when 
defined. 

NOTE: The default buffer size is sufficient for a polygon with 
approximately 93 vertices. Refer to Using the Polygon Buffer 
earlier in this chapter if you think you may need to change the 
size of your polygon buffer. ■ 

It is good programming practice to “close” the polygon before 
exiting polygon mode. Closing a polygon means adding the final 
vertex that defines a continuous shape; the last coordinates or 
increments represent the same location as the first. If you have 
not closed the polygon, executing PM1; or PM2 ; forces closure by 
adding a point to close the polygon. However, you can end up 
with an unexpected polygon by not closing it yourself. 

PM1; 

Use PM1; to close the current polygon (or subpolygon) and re¬ 
main in polygon mode. When you use PMl ;, the point after PM1; 
becomes the first point of the next subpolygon. When drawing 
the polygon, the pen will always move to this point in the up 
position, regardless of the current pen status. Each subsequent 
coordinate pair after PMl ; defines a point of the subpolygon. 
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PM2; 

Use PM2; to close the current polygon (or subpolygon) and exit 
polygon mode. Remember, if you have not closed your polygon, 
executing PM2; adds a point to close the polygon. Unless you 
exit polygon mode, the plotter will ignore all HP-GL instructions 
except IN and all HP-GL output instructions. 

EXAMPLE: The following draws the surface area of a 3-prong 
receptacle as a series of subpolgons, fills and edges it using the 
FP and EP instructions, respectively. 


10 

’ Insert cc 

:mfiguration 

s ta ternen t t ie re 

20 

PRINT 81, 

“ IN; SRI ;F'R2 

000,2000; ” 

30 

PRINT ttl. 

“PM0; ” 


40 

PRINT 81, 

“ PD3000,200 

0,3000,3000;” 

50 

PRINT 81, 

“PD2000,300 

0,2000,2000;” 

60 

PRINT 81, 

“PMl; ” 


70 

PRINT 81, 

“PD2080,216 

0,2480,2160,2480,2340, 


2080, 

2340,2080,21 

-G0; ” 

80 

PRINT 81, 

“PMl; ” 


90 

PRINT 81, 

“PD2@80,266 

— p A |7'i TiftOi/) T 1 lI 

0,2480,2660,2480,2840, 

'CA - 

100 

PRINT 81, 

“PMl; ” 


110 

PRINT 81, 

“ PD 1920,234 

0,2320,2660,2720,2660; 

120 

PRINT 81, 

"Bfl2720,250i 

0,180;PD2S20,2340; ” 

130 

PRINT 81, 

“F'M2;FR;EP; 

5P0; ” 

140 

END 
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RELATED 

INSTRUCTIONS: EP, Edge Polygon 
FP, Fill Polygon 

ERRORS: 


Condition 

Error 

Plotter Response 

invalid instruction used in 
polygon mode 

1 

ignores illegal instruction 

parameter out of range 

3 

ignores instruction 

buffer overflow 

7 

_ 

ignores overflowing points 
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Enhancing Your Plots 


You can increase the visual effectiveness of your plots in several 
ways. Previous chapters have demonstrated the use of different 
fill types as a means of giving your plot greater definition. This 
chapter illustrates the use of the following. 

• dotted and/or dashed line patterns 

• symbols 

• tick marks on axes 

• grids 

By using some of these enhancement features, you can emphasize 
or minimize the relative importance of specific areas of a plot. 

LT, Line Type 

USE: Specifies the line pattern to use when drawing lines and 
filling polygons with a nonsolid pattern. Use LT to emphasize or 
de-emphasize plotted lines and shapes. 

SYNTAX: LT pattern number (,pattern length)-, or LT; 
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Format 


Default 


Parameter 


Range 


pattern number integer —6 to +6 no parameter (solid line) 


pattern length 


0 to 100* 


i of the diagonal dis- 


percentage tanpe between PI and P2 


This is the practical range, the allowable range is —32 768.0000 to 32 767.9999. 


REMARKS: The plotter interprets the parameters as follows. 

• pattern number — produces the corresponding line pattern. 
Line patterns can be either a fixed or adaptive type. That is, a 
fixed pattern remains the specified length and any unused 
part of the pattern is carried over to the next line. Adaptive 
line patterns adjust the length of the pattern so that one or 
more complete patterns fit within the specified line. With adap¬ 
tive line patterns, there is no unused portion of a line pattern 
to carry over. 

A positive pattern number (1 to 6) represents a fixed line type 
and uses the actual specified pattern length to draw lines. 
Any unused part of the pattern is carried over to the next fine, 
unless you have issued a PU instruction. The PU instruction 
clears the carry-over portion of the pattern segment; the next 
line will be drawn from the beginning of the pattern. 

A line pattern of zero (0) draws dots at the PA and/or PR 
coordinates only. 

A negative pattern number (—1 to —6) represents an adaptive 
line type and automatically adjusts the pattern length so that 
each line contains one or more complete patterns. 

NOTE: Do not use an adaptive line type for drawing circles, 
arcs, or polygons that use an abundance of these shapes. The 
plotter will attempt to draw the complete pattern in every 
chord; you could lose the effectiveness of the line type, wasting 
time drawing the circle. ■ 
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The line types, fixed and adaptive, are as follows. 


6 _ 

5 _ 

4 _ 

3 _ _ _ _ _ _ 

1 . 

0 . specifies dots only st plotted points 
-1 . 

-2 _ _ _ _ _ _ _ 

-4 _ 

-8 _ 

No parameter (Default Value)_ 

• pattern length — specifies the length of one complete pattern 
as a percentage of the diagonal distance between the scaling 
points Pi and P2. If you don’t specify a length, the plotter uses 
the last value specified. If you haven’t previously specified a 
pattern length, the plotter uses a pattern length of 4% of the 
diagonal distance between PI and P2. 

• no parameters — draws a solid line and resets the pattern 
length to its default This is not the same as sending LTO;. 

EXAMPLE: The following illustrates the difference between the 

fixed and adaptive line types. 
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10 

? Inset 

~t configuration e 

statement here 

20 

PRINT 

81, ‘ 

‘IN;IP-2500, 

-2000,2500,2000; ” 

30 

PRINT 

81, * 

‘ SC0,10,0,10 

T-1 

LL 

IJl 

40 

’ fixe 

id lir 

ie type 


50 

PRINT 

81, * 

‘ LTG,20;PP1, 

£;PD1,9,9,9,9,6.1,6;” 

60 

’ adap 

1 1 i ve 

line type 


70 

PRINT 

81, ‘ 

‘ LT-6,20;PHI 

, 1;PD1,4.9,4.9,1,1,1;’ 

80 

PRINT 

81, ‘ 

‘ SP0; ” 


90 

END 






Adaptive Line Type 

RELATED 

INSTRUCTIONS: EP, Edge Polygon 
FP, Fill Polygon 
FT, Fill Type 


I 
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ERRORS: 


Condition 

Error 

Plotter Response 

more than 2 parameters 

2 

uses first 2 parameters 

number out of range 

3 

ignores instruction 


SM, Symbol Mode 

USE: Draws a specified character at each X,Y coordinate. By 
drawing a specified character at each data point, you can differ¬ 
entiate data contained in geometric drawings, scattergrams, or 
in multiple-line graphs. 

Note that a second character allows access to Kanji characters 
in symbol mode. Refer to Appendix D for details concerning ac¬ 
cessing Kanji characters. 

SYNTAX: SM character (character ); or SM; 


— 

Parameter 

Format 

Range 

Default 

character 

label 

any printing character 
(decimal codes 33-58 
and 60-126)* 

none 


* ASCII decimal code 59 is a symbol mode terminator. In many of the character 
sets, decimal code 59 is the semicolon, which visually terminates most HP-GL 
instructions. You can also terminate symbol mode by sending any of the ASCII 
control characters (decimal codes 0-31). 

REMARKS: Symbol mode lets you specify a printing character 
to draw at subsequent X,Y locations (using PA, PR, PD, or PU). 
Symbol mode includes an automatic pen down feature that draws 
each symbol centered over each coordinate location. After draw¬ 
ing the symbol, the plotter restores the current up/down pen 
position. This allows you to draw the symbol at each point with¬ 
out a connecting line. 

The character drawn is in the character set selected at the time 
the SM instruction is executed. The character does not change 
even if you subsequently select a new character set. Also, the size 
(SI and SR), slant (SL), and direction (DI and DR) instructions 
affect how the character is drawn. 
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A specified symbol remains in effect until the symbol is replaced 
with another, symbol mode is terminated, or the plotter is initial¬ 
ized or set to default conditions. Note that you cannot use nega¬ 
tive numbers as a symbol; the plotter will print only the minus 
sign and set an error. 

EXAMPLE: The following plots symbols in three situations: with 
the pen down for a line graph, with the pen up for a scattergram, 
and with the pen down for a geometric drawing. 


10 "In s e r t c o n f i q u r a t i o n s t a t e m e n t h e r e 


20 

PRINT ttl. 

“ IN:SP1; ” 

30 

PRINT ttl. 

u SN*:PR200,1000:” 

40 

PRINT ttl. 

“ PD400,1230,600,1560,900,1670, 


1500 

1600,2000,2000; PIJ; ” 

50 

PRINT ttl. 

“SM3;PA100,300; ” 

G0 

PRINT ttl. 

“ PR300,500,500,450,900,850,1350 


2100. 

1350; ” 

70 

PRINT ttl. 

“ SNR:PR1900,560; ” 

80 

PRINT ttl. 

“ SMB;PD3300,1250; ” 

90 

PRINT ttl. 

“SMC;PR3500,950; ” 

100 

PRINT ttl, 

“ SM; PR1900,560; PIJ: 5F'0; ” 

110 

END 




Condition 

Error 

Plotter Response 

more than 1 character 
as a symbol 

2 

prints only the first 
character 
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TL, Tick Length 

USE: Specifies the length of the tick marks on the X-and Y-axis. 
Use this instruction to adjust both the positive and negative 
portions of tick marks, and to draw grids. 

SYNTAX: TL positive tick (,negative tick) \ or TL; 



Parameter 

Format 

Range 

Default 

positive tick 
(.negative tick) 

real 

-100 to 100 
percentage* 

0.5% 


*This is the practical range. The total range is -32768.0000 to 32767.9999. 


REMARKS: The plotter interprets the parameters as follows. 

• positive tick — determines the length of the tick mark drawn 
to the positive side of the X- and/or Y-axis. 

• negative tick — determines the length of the tick mark drawn 
to the negative side of the X- and/or Y-axis. 

• no parameters — reestablishes default values. 

Both parameters are specified as a percentage of the horizontal 
and vertical distances between PI and P2. When used with the 
XT (X-Tick) instruction, the parameters are a percentage of the 
absolute value of the vertical scale (|P2 Y — P1 Y |). When used with 
the YT (Y-Tick) instruction, the parameters are a percentage of 
the absolute value of the horizontal scale (|P2 X — Plxl)- The 
default value is 0.5% of the horizontal and vertical distances for 
positive and negative ticks. 

Use the instruction with both parameters to draw a tick that 
extends on both sides of the axis. To suppress the negative por¬ 
tion of the tick, use the instruction with only the positive tick 
parameter. To suppress the positive portion of the tick, specify 
zero (0) for the positive tick and the desired percentage for the 
negative tick. 

Because tick length is a percentage of P1/P2 distance, only when 
the area defined by PI and P2 defines a square will X-ticks and 
Y-ticks be the same length. A TL instruction remains in effect 
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until another TL instruction specifies new values, or the plotter 
is initialized or set to default conditions. 


EXAMPLE: The following draws an X-tick with the default posi¬ 
tive and negative length. Next, a positive tick with a length 2% of 
the vertical distance between PI and P2, followed by a positive 
and negative tick, each with a length of 2% of the P1/P2 distance. 
Finally, note how the new locations of PI and P2 change the 
length of the tick mark. 


10 ’Insertc 

jnTiyuratiun etaterns 

20 PRINT 81, 

“ IN;SP1;PA0, 0; ” 

30 PRINT til. 

“ XT; PD: PR1000,0;” 

40 PRINT 81, 

‘‘TL2;XT;PR1000,0; ’ 

50 PRINT 81, 

“ TL2,2:XT;PR1000,0 

60 PRINT 81, 

“ IP0,0,5000,5000; ? 

70 PRINT 81, 

“XT:PIJ;5P0; ” 

80 END 



The following establishes locations for PI and P2 and creates a 
grid using major and minor ticks. 


10 

’ Inser t conf igurat io 

i s tat erne 

nt here 

20 

PRINT 81, “ IN;SP1;IF 

200,1000 

,3000,3100; ” 

30 

PRINT 81, “5C0,40,0, 

30: ” 


40 

PRINT 81, “880,30:PD 

0,0,40,0 

,40,30,0,30; ” 

5W 

FOR I = 1 TO 3 



60 

PRINT 81, “PD;PR0, 

-2.5;TL1 

.5;YT;PR0,-2.5 

70 

PRINT 81, “TL3;YT; 

F'R0, -2.5 

;TL1.5;YT; ” 

80 

PRINT 81, “ PR0, -2. 

5;TL100; 

YT;” 

90 

NEXT I 



100 

FOR J = 1 TO 4 



110 

PRINT 81, “TL100:X 

T;PR2.5, 

0;TL1.5;XT; ” 

120 

PRINT 81, “PR2.5,0 

;TL3;XT; 

PR2.5,0;” 

130 

PRINT 81, “TLl.5,0 

:XT:PR2. 

5,0; ” 

140 

NEXT J 




7-8 Enhancing Your Plots 






150 PRINT 81, “SP®; 
160 END 


■ 100% Y-tick length 




RELATED 

INSTRUCTIONS: XT, X-Tick 
YT, Y-Tick 

ERRORS: 


Condition 

Error 

more than 2 parameters 

2 

parameter out of range 

3 


Plotter Response 


uses first 2 parameters 


ignores instruction 


XT, X-Tick 

USES: Draws a vertical tick at the current pen location. Use 
this instruction to draw vertical tick marks on axes, and with the 
TL (Tick Length) instruction to draw grid lines, or lines centered 
on or starting with the current pen location. 

SYNTAX: XT; 

REMARKS: The XT instruction includes an automatic pen 
down. After drawing the tick, the plotter restores the pen up/down 
status. The length of the tick mark is determined by the TL (Tick 
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Length) instruction. The default length of the tick mark is 0.5% 
of |P2 y — Ply) for each positive and negative tick. Change the 
length of the positive and negative tick marks using the TL 
instruction. 

EXAMPLE: 


10 ’I nse r t con f i gu ra t. i on s ta temen t he re 
20 PRINT 81, “ IN;SP1;PR200,500; ” 

30 PRINT ttl, “ XT;PD;PR1000,0; XT;PR1000,0;XT; 

PR1000,0;XT; ” 

40 PRINT ttl, “PU;SP0; ” 

50 END 


RELATED 

INSTRUCTIONS: TL, Tick Length 
YT, Y-Tick 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 


YT, Y-Tick 

USE: Draws a horizontal tick at the current pen location. Use 
this instruction to draw horizontal tick marks on axes, grid lines, 
or lines centered on or starting with the current pen location. 

SYNTAX: YT; 

REMARKS: The YT instruction includes an automatic pen 
down. After drawing the tick, the pen up/down status is restored. 
The length of the tick mark is determined by the TL (Tick Length) 
instruction. The default length of the tick mark is 0.5% of |P2 X — 
Pl x | for each positive and negative tick. Change the length of 
the positive and negative tick marks using the TL instruction. 
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EXAMPLE: 


10 

"Insertc 

onfigyration statement here 

20 

PRINT HI, 

“ IN;5P1;PR200,500; ” 

30 

PRINT ttl. 

“ YT: PD: PR0,1000; YT: PR0,1000: Y'T 


F'R0,: 

L000;YT: ” 

40 

PRINT ttl. 

“PU;SP0; ” 

50 

END 




RELATED 

INSTRUCTIONS: TL, Tick Length 
XT, X-Tick 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 
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CHAPTER 



Labeling Your Plots 


Labels are an important part of graphic communication. This 
chapter presents basic labeling techniques so you can label your 
plots for greater clarity. The plotter’s default character set is used 
for demonstrating the following (Chapter 9 discusses the other 
character sets available). 

• drawing labels 

• positioning labels 

• changing the label size, slant, and direction 

Using Labels 

When used with graphics, labels emphasize areas of a chart or 
plot that require special attention and/or explanation. Drawing 
labels is easy using HP-GL instructions. You can control virtually 
all facets of the label’s appearance, for example, its position, size, 
slant, and direction. The instructions that affect all of these fea¬ 
tures are described in this chapter. 

Default Label Conditions 

When default conditions are established, the plotter automatically 
selects the ANSI ASCII English character set. For simplicity, 
this chapter uses the default character set to illustrate the basic 
labeling concepts. Chapter 9 discusses how to access different 
character sets. The following lists other default label conditions. 
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• label terminator: ETX (ASCII decimal code 3) 

• starting position: current pen location 

• character size: width = 0.285 cm; height = 0.375 cm 

• direction: horizontal 

• slant: none (vertical) 

You can change any of these using the appropriate instruction 
described later in this chapter. 

Terminating Labels 

The LB (Label) instruction lets you use any printing characters 
to define your label. To indicate the end of your label, you must 
terminate your label string using a special label terminator 
instead of the usual HP-GL terminator. The label terminator 
tells the plotter to exit from the label mode. If you don’t use the 
label terminator, everything following the LB instruction is 
printed in the label, including other HP-GL instructions. 

The default label terminator is the nonprinting end-of-text char¬ 
acter ETX (decimal code 3). This is accessed by CHR$(3) in BASIC. 
If your system cannot send this terminator, refer to the DT 
(Define Label Terminator) instruction later in this chapter. 

Sending the Label Terminator and Other Nonprinting Characters 

You can send the default terminator, along with other nonprint¬ 
ing characters (also known as ASCII control characters) such as 
a carriage return or line feed using a character string function 
like CHR$ (provided by BASIC), or by producing the character 
directly from the keyboard. For simplicity, the examples in this 
chapter use the CHR$ function. If necessary, substitute your 
language’s string function (the Pascal equivalent is CHR, 
FORTRAN uses the FORMAT statement plus a string function). 

When you use a function such as CHR$, you must separate it 
from the label string. To be sure that the character produced by 
the string function is sent immediately after label string without 
any extra space, you may need to concatenate, or link, the label 
string and the character string with one of the following symbols: 
+, &, or;. Use the symbol your system requires. 
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The following shows one method of concatenating your label 
string and terminator. 

“LBThis is a label ”+CHR$(3) 

Check the ASCII character and keyboard table in your computer 
documentation for the proper value to use. The following lists the 
current BASIC CHR$ equivalents. 

CHR$(3) produces ETX (end-of-text) 

CHR$(10) produces LF (line feed) 

CHR$(13) produces CR (carriage return) 

You can also produce these ASCII control characters using many 
computer keyboards. The following shows the combination of 
keys, when pressed simultaneously, that produce the same 
characters. 

CONTROL and C produces ETX 
CONTROL and J produces LF 
CONTROL and M produces CR 

If you can produce the character directly form the keyboard in 
this way, you can enter the character within the label string; you 
do not need to use a concatenating character as you do with the 
CHR$ function. 

Positioning Labels 

The following illustration defines the relationships of a space, a 
line, and a character’s origin, width, and height, based on the 
default conditions for labels. 
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When you issue an LB instruction, the current pen location be¬ 
comes the label origin. After drawing the first character, the pen 
moves to the next character origin. After drawing each subse¬ 
quent character, the pen location is updated to the new character 
origin. This continues until the end of the character string, unless 
an embedded control character such as a carriage return or a line 
feed is included. 

When a carriage return is included in a label string (i.e., before 
the label terminator), the pen moves to the carriage-return point 
(the pen location when the LB instruction was received). When 
either a line feed or an inverse line feed is included in a label 
string, the carriage-return point and the pen move vertically with 
respect to their current locations. 

NOTE: The carriage-return point is updated to the current pen 
location after these instructions are executed: AA, AR, PA, PR, 
DI, DR, DF, IN, RO, and with PU or PD instructions when 
parameters are used. In addition, moving to a new point using 
the front-panel Pi, P2, and CURSOR control buttons updates the 
carriage-return point to the new location. Although the current 
pen location is updated after an LB instruction, the carriage- 
return point is not. ■ 
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The plotter updates the carriage-return point after any of the 
following. 

• Moving the pen using any of the following instructions: AA, 
AR, CP (vertically), PA, PD, PR, or PU. 

• Moving the pen using the front-panel CURSOR controls or pi, 
P2, or AXIS ALIGN buttons. 

• Setting plotter conditions using any of the following instruc¬ 
tions: DF, DI, DR, DV, IN, or RO. 

• Clearing or resetting the plotter, or rotating the coordinate 
system using the front-panel buttons. 

NOTE: Although the current pen location is updated after an LB 
instruction, the carriage-return point is not. ■ 

The Character Plot Cell 

Think of the character plot (CP) cell as a rectangular area around 
a character that includes blank areas above and to the right of 
the character. The character origin is always in the lower-left 
corner of the CP cell. The actual size of the CP cell depends on 
the specified character size and any extra space as specified by 
the ES (Extra Space) instruction. The default height of a CP cell 
is twice the height of any uppercase character. The default width 
is 1.5 times the character width of a capital A. The height and 
width of the CP cell are equivalent to one line and one space, 
respectively. 


CP cells 



origins 


1 line = 2X 
uppercase 
character 
height 
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You can use the CP (Character Plot) instruction to position labels 
from the current pen location horizontally and/or vertically 
by specifying the number of CP cells to move. 

Another instruction, LO (Label Origin), lets you position the com¬ 
plete label string relative to the current pen location. That is, you 
can center the complete label string relative to your current pen 
location, or left- or right-justify labels along axes or data points. 

Enhancing Labels 

You can adjust certain characteristics of any label in several 
ways. Some of these are by changing the size, shape, the label 
direction, or the spacing between characters in the label. Most of 
these depend on an understanding of the character plot cell, 
described above. 

Adjusting Character Size 

You can change the size of the characters in your label either by 
specifying an absolute size (using the SI (Size Absolute) instruc¬ 
tion) or a relative size (using the SR (Size Relative) instruction) 
dependent on the distance between PI and P2. Note that when¬ 
ever you change the size of the characters, you also change the 
size of the CP cell. 

Changing Character Spacing 

To change spacing, use the ES (Extra Space) instruction. This 
instruction does not affect the character size; it only allows you 
to add to or subtract from the space around the character in the 
CP cell. You can use ES to adjust the vertical distance between 
lines and/or the horizontal space between characters. 

Adjusting Label Direction 

Under default conditions, the plotter draws labels parallel to the 
X-axis in a positive direction. When you rotate the coordinate 
system using the RO instruction, the label direction rotates with 
the axes. The following illustrates the default label direction. The 
label direction is also determined by the following. 
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• absolute direction (DI) or relative direction (DR) 

• horizontal or vertical direction mode (DV) 

The DI (Direction Absolute) instruction sets the angle of the label 
independently of PI and P2. The DR (Direction Relative) instruc¬ 
tion relies on the locations of PI and P2 so that labels maintain 
the same relationship to the scaled plot. The DV (Direction Ver¬ 
tical) instruction stacks the characters vertically and is especially 
useful when labeling using the Kanji character set. 

Labeling with Variables 

You may want to label the plot using variables (rather than 
literals) to define a label string. The principles for sending vari¬ 
ables in label instructions are similar to those for sending vari¬ 
ables in plotting instructions (refer to Chapter 4). However, the 
format for the character field is important because labels are 
positioned differently and plotted with extra spaces, depending 
on the format you use. Various computers and computer lan¬ 
guages use different conventions to define the character-field 
format in which variables are printed. The following are three 
conventions. 


Quotation mark 

Used by many computers to define the literal 
characters to be sent; variables are not included 
within quotation marks. 

Comma 

Used by most computers between variables to 
cause the variable to be right-justified in a spe¬ 
cific character-field width. 

Semicolon 

Used by most computers between variables for 
close spacing of variables in labels. 


Use whatever convention is applicable to the programming lan¬ 
guage you are using and the spacing you want for your labels. 

The following illustrates the use of the comma to establish fixed 
spacing when using variables for labeling. The number of blank 
character-field spaces and the printing of a sign vary with differ¬ 
ent computers. 
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“LB” ,X,X+l,X+2,CHR'S(3) 


1 _ 1-50 

1 _ 1 -49 

1 _ 1 





— Blank character field spaces — 


-48 


To avoid unexpected placement of the labels defined by variables, 
refer to your computer manual for a definition of the conventions 
used to define the variable spacing. 


CP, Character Plot 

USE: Moves the pen the specified number of character plot cells 
from the current pen location (e.g., to indent or center a label). 

SYNTAX: CP spaces, lines \ or CP; 


Parameter 

Format 

Range 

Default 

spaces 

real 

-32 768.0000 to 32 767.9999 
CP cell widths 

none 

lines 

real 

-32 768.0000 to 32 767.9999 
CP cell heights 

none 


REMARKS: Use the CP instruction to position a label for indent¬ 
ing, centering, etc. (For more information on spaces, lines, and 
the character plot cell, refer to Positioning Labels earlier in this 
chapter.) How the plotter interprets the parameters depends on 
the mode of direction: horizontal or vertical (refer to DV (Direction 
Vertical) instruction). 

When the direction mode is horizontal (default), the plotter inter¬ 
prets the parameters as follows. 

• spaces — moves the specified number of CP cells to the left or 
right depending on the sign of the parameter. Negative values 
move the pen to the left; positive values move the pen to the 
right. Left and right are relative to the current label direction. 
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A space is defined as the width of one character plot cell, or 1.5 
times the character width (specified by SI or SR). The width 
includes any extra space adjustments made using the ES 
instruction. 

Note that this parameter does not affect the carriage- 
return point. 

• lines — moves the specified number of CP cells up or down 
from the current pen location. Negative values move the pen 
down the specified number of lines; positive values move the 
pen up. Up and down are relative to the label direction. 

A line is defined as the height of one character plot cell, or 2 
times the uppercase character height (specified by SI or SR). 
The height includes any extra space adjustments made using 
the ES instruction. 

This parameter moves the location of the carriage-return point 
up or down depending on the parameter value. 

• no parameters — returns to the carriage-return point and 
moves one line down (carriage return, line feed). This location 
becomes the new carriage return point. 


Up (+) 

f 

Lei, (-) — LABEL DIRECTION. DI1. 0 — Right (+) 

I 

Down (—) 

Down (—) 

f 

Rigtu (+)-•—o 't—iq 'Nonoama naavi -- Le» ( , 

I 

Up (+) 
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When the direction mode is vertical (refer to the DV instruction), 
the plotter interprets the parameters as follows. 

• spaces — moves the specified number of CP cells up or down 
from the current pen location depending on the sign of the 
parameter. Negative values move the pen up; positive values 
move the pen down. This parameter does not affect the carriage- 
return point. 

• lines — moves the specified number of CP cells left or right 
from the current pen location. Negative values move the pen 
to the left the specified number of lines; positive values move 
the pen to the right. This parameter moves the location of the 
carriage-return point to the left or right depending on the 
parameter value. 

• no parameters — returns to the carriage-return point and 
moves one line to the left (carriage return, line feed). This 
location becomes the new carriage return point. 

Refer to the DV (Direction Vertical) instruction later in this 
chapter for an example of using the CP instruction in vertical 
labeling. 

CP instructions use the current pen position (up or down), and all 
moves are made with respect to the current character origin. The 
CP instruction affects only the placement of the next label; you 
must issue new CP instructions to affect subsequent labels. 

EXAMPLE: In the following example, line 50 is printed on two 
lines to fit on this page; you should send line 50 to the plotter as 
one string. Note that the carriage return and line feed characters 
in line 50 of the program listing have the same effect as the CP 
instruction without parameters in line 60. 


10 

' Insert c 

onfiguration statement here 

20 

PRINT 81, 

“ I N:SRI;PA1500,3000;PD-2000,3000;PU;” 

30 

PRINT 81, 

“CPS , .35;LBAB0VE THE LINE” +CHR$(3) 

40 

PRINT 81, 

“ PA-100©,3000:XT: ” 

50 

PRINT 81, 

“ CF'Q, - . 35: LB BE LON THE LINE ” +CHRS f 13) + 


CHR$| 

0 | t “WITH A NEAT”+CHR$(3) 

60 

PRINT 81, 

“ CP: LEl MARGIN ”+CHR$ (3) 

70 

PRINT 81, 

“ SP0; ” 

80 

END 
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ABOVE THE LINE 

—t- 

BELOW THE LINE 
WITH A NEAT 
MARGIN 


RELATED 

INSTRUCTIONS: DI, Direction Absolute 
DR, Direction Relative 
ES, Extra Space 
LO, Label Origin 
SI, Size Absolute 
SR, Size Relative 


ERRORS: 


Condition 

Error 

Plotter Response 

1 parameter 

2 

ignores instruction 

more than 2 parameters 

2 

uses first 2 parameters 

number out of range 

3 

ignores instruction 


DI, Direction Absolute 

USE: Specifies the direction in which labels are drawn, inde¬ 
pendent of PI and P2 settings. Use this instruction to change 
labeling direction when you are labeling curves in a line chart, 
schematic drawings, blueprints, and survey boundaries. 

SYNTAX: DI run, rise ; or DI; 


Parameter 

Format 

Range 

Default 

run (or cos 6 ) 

real 

-32 768.0000 to 32 767.9999 

1 


real 

-32 768.0000 to 32 767.9999 

0 
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REMARKS: The PI and P2 settings have no effect on the label 
direction. The DI instruction updates the carriage-return point to 
the current pen location. 

You can express the parameters in measured units as run and 
rise, or using the trigonometric functions cos and sin according 
to the following relationship: 

where run and rise = number of measured units, and 



The positive run is defined as the direction in which the label is 
plotted (i.e., along the positive X-axis for horizontal mode and 
along the negative Y-axis for the vertical mode). The rise is 
perpendicular to the run. When labeling in horizontal mode, a 
positive rise parameter indicates that the label will slope in a 
positive direction along the Y-axis. When labeling in vertical 
mode (when letters are plotted upright, but stacked vertically), a 
positive rise parameter indicates that the label will slope in a 
positive direction along the X-axis. 

The following show the positive run and rise directions for both 
modes. 



Suppose you want to plot your label in the direction shown in the 
following graph. You can easily do this one of the two ways: 
measure the run and rise, or measure the angle. To use the first 
method, extend lines along the label and parallel to the X-axis. 
You can use these measurements of the run and rise as the 
parameters of the DI instruction ( DI8.5, 4.9;). 

Or, if you know the angle, you can use the trigonometric values 
(since sin 0/cos 6= rise/run). In this example, 0 = 30°; cos 30 — 
0.866 and sin 30 = 0.5. Thus, you can use these as the parameters 
of the DI instruction (DI.866,.5;). Whichever set of parameters 
you use, the label will be drawn in the same direction as shown 
in the following figure. 



Run = 8.5 units 


If you know the angle, you can specify the actual cosine and sine 
values, or you can use the SIN and COS function available on 
most computers. A table of cosine values and sine values for 
selected angles follows. 


e 

Cosine 

Sine 

0 

1 

0 

30 

0.87 

0.50 

45 

0.71 

0.71 

60 

0.50 

0.87 

90 

0 

1 


e 

Cosine 

Sine 

0 

1 

0 

-30 

0.87 

-0.50 

-45 

0.71 

-0.71 

-60 

0.50 

-0.87 

-90 

0 

-1 
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EXAMPLE: The size and sign of the two parameters in the in¬ 
struction determine the amount of rotation. In the following illus¬ 
tration, the signs of the parameters determine the quadrant in 
which the label is drawn. 


10 ’Insert configuration statement here 
20 PRINT HI, " IN;SP1;S1.3,.5;PR3000,3000;’’ 

30 PRINT HI, “Dll,1;LB DIRECTION”-hCHRSf13] 
+CHR$(3) 

40 PRINT HI, “Dll, -1; LB DIRECT ION ”+CHR$( 13) 
+CHR$ (3) 

50 PRINT HI, “DI -1, -1;LE! DIRECT ION”+CHR$(13) 
+CHR$ f3 j 

60 PRINT HI, “DI-1,1;LB DIRECTI0N”+CHR$(13) 
+CHR$(3] 

70 PRINT HI, “SF'0; ” 

80 END 


\ 

% 
Quadrant II Nr 

-run X/T-N 

+ rise 

Quadrant 1 
Nr +run 

+rise 

—run 

—rise A 

Quadrant lli x \y 

<? x +run 

— r|Se 

\ X) Quadrant IV 

% 

% 


RELATED 

INSTRUCTIONS: DR, Direction Relative 
SI, Size Absolute 
SR, Size Relative 
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ERRORS: 


Condition 

Error 

Plotter Response 

more than 2 parameters 

2 

uses first 2 parameters 

1 parameter 

2 

uses previous direction 

parameter out of range 

3 

uses previous direction 

both parameters = 0 

3 

uses previous direction 


DR, Direction Relative 

USE: Specifies the direction in which labels are drawn, relative 
to the scaling points PI and P2. Label direction is adjusted when 
PI and P2 change so that labels maintain the same relationship 
to the plotted data. 

SYNTAX: DR run, rise ; or DR; 


Parameter 

Format 

Range 

Default 

run (or cos 0) 

real 

-32 768.0000 to 
32767.9999 

1% of P2 X — Pl x 

rise (or sin 0) 

real 

-32 768.0000 to 
32767.9999 

0% of P2 y — Ply 


REMARKS: The plotter interprets the parameters as follows. 

• run — specifies a percentage of P2 X — Pl x . 

• rise — specifies a percentage of P2 Y — Ply 

• no parameters — establishes relative direction and sets the 
label direction according to the direction mode (as set by the 
DV (Direction Vertical) instruction). 

The function of run and rise is similar to the DI instruction with 
the important difference that the run and rise parameters are 
percentages of the X- and Y-distances between PI and P2. The 
size and sign of the two parameters determine the amount of 
rotation. 
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The following discusses the effects that changing PI and/or P2 
have on relative label direction. Think of the label directions as 
parallel to a line starting at the lower-left scaling point (usually 
Pi) and intersecting at either the top or the right edge of the 
P1/P2 area. To calculate where the intersection is, first determine 
which is larger: the run or the rise. There are three possibilities. 

• If run = rise, the line goes directly from Pi to P2. 

• If run < rise, the line intersects the top of the plotting area, a 
fraction of the way across toward P2. The fraction is run/rise. 
Thus if run = 2 and rise = 6, the line intersects the top one- 
third (2/6) of the way toward P2. 

• If rise < run, the line intersects the side of the plotting area, a 
fraction of the way up toward P2. The fraction is rise/run. 
Thus if rise = 2 and run = 6, the line intersects the side one- 
third (2/6) of the way toward P2. 

Since labeling starts at the current pen location, labels are par¬ 
allel to these lines, not necessarily on them. Also, negative 
parameters have the same effect on direction as described for the 
DI instruction. 

EXAMPLE: The following shows what effect parameter equality 
and inequalities have on the label direction. 


10 

’ I use 

't c 

ontigura 

tic 

ri state 

j iTief i 

t here 

20 

PRINT 

HI, 

1 — 1 

Lfl 

“0 

H* 

; IP 

0,0,36 

00 ,: 

3600; ” 

30 

PRINT 

81, 

“SC0,10 

00 , 

0,1000 

; SR. 

- ? — 1 * 

40 

PRINT 

ttl. 

“ PA0 , 0; 

PR; 

PD0,10 

00 , 

.000.0,0,-1000;’ 

50 

PRINT 

81, 

“PR-100 

0 , 

;PA100 

0,n 

'■ —I 

f—1 
LL 
LJ 

CL 

60 

PRINT 

ttl. 

“ CP15,. 

25; 

LE! DPI 

1;’ 

' +CHR$ (3 j 

70 

PRINT 

81, 

“ PUB33 . 

-D 3 

1000:PD0 , i 

J: PU: DR 2,6;” 

80 

PRINT 

ttl. 

“CP15, . 

V n ' 

LE: DR2 

6: ’ 

' +CHR$|3 j 

90 

PRINT 

ttl. 

“ PIJ1000 

■-j- 

a, - 1 •_ 

3 . 33; R 

D0, 

1;PU;DR6.2: " 

100 

PRINT 

81. 

“CP15,. 

?Cj . 

LBDR 6 

£L Z, 

■+CHR$f3) 

110 

PRINT 

81, 

“ SP0; ” 





120 

END 
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When you replace line 20 in the previous example with the follow¬ 
ing line, you change the relative locations of PI and P2. 





20 PRINT 01, “ IN;SP1;IP5000,0,8600,2000; ” 

Note that each directional line is drawn the same fraction of the 
way toward P2; however, the angles of the lines have changed in 
order to maintain the correct relative direction. Notice also that 
the character size has changed because a relative size (SR) was 
specified in line 30. 
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RELATED 

INSTRUCTIONS: DI, Direction Absolute 
IP, Input PI and P2 
SI, Size Absolute 
SR, Size Relative 

ERRORS: 


Condition Error Plotter Response 

more than 2 parameters 2 uses first 2 parameters 

1 parameter 2 uses previous direction 

parameter out of range 3 uses previous direction 

both parameters =0 3 uses previous direction 


DT, Define Label Terminator 

USE: Specifies the character to be used as the label terminator. 
Use this instruction to define a new label terminator if your 
computer cannot send the default label terminator (ETX, decimal 
code 3). 

SYNTAX: DT label terminator \ 
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Parameter 

Format 

Range 

Default 

label 

terminator 

character 

any character except 

NULL ENQ, LF, ESC, 

and; (decimal codes 

0, 5,10, 27, and 59, 
respectively) 

ETX (ASCII 
decimal code 3) 


REMARKS: The label initiated by the LB instruction can be 
terminated only by the label terminator. If your computer cannot 
send the default label terminator (ETX) using either the keyboard 
or as a character string function (CHR$), you can use this instruc¬ 
tion to specify a character your computer can send. 

The character following the DT mnemonic is interpreted as the 
new label terminator. Label instructions react differently depend¬ 
ing on which character you specify to be the label terminator, as 
follows. 


printing character 

terminates the label instruction and prints 
the character. The ASCII printing character 
decimal equivalents are codes 32 through 
58 and 60 through 126. 

nonprinting character 
(control character) 

terminates the label instruction and performs 
the function specified by the character. The 
ASCII control characters are codes 1 
through 31. 


NOTE: A DT instruction with no parameter (DT;) does not estab¬ 
lish the semicolon as the terminator; it reestablishes ETX as the 
default terminator. A DF or IN instruction also reestablishes ETX 
as the label terminator. ■ 

Refer to Appendix D for instructions when using this instruction 
with the Kanji character set. 

EXAMPLE: The following program shows how to change the 
label terminator to printing and nonprinting characters. All 
terminators, line feeds, and carriage returns are sent using their 
ASCII decimal code equivalents with the CHR$ function. These 
are as follows. 
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CHR$(3) sends the ETX (end of text) character 
CHR$(10) sends a line feed 
CHR$(13) sends a carriage return 


NOTE: Although some instructions are printed on two lines to fit 
on this page, you should send these to the plotter as one string. ■ 

10 ’Insert configuration statement here 
20 PRINT ttl, “IN;SP1;SCO,5000,@,5000;’’ 

30 PRINT ttl, “SI.187,.269;PA0,4500; ” 

40 PRINT ttl, “LBDefault. control character ETX” 

+CHR$ 1.13) + CHR$ f 10 j +CHR$ f 3 j 
50 PRINT ttl, “LBterminates by performing end-” 

+CHR3 f 13 j + CHR$ i 10 j +CHR$ (3) 

80 PRINT ttl, “LBof-text function. ”+DHR$(3i 

70 PRINT 81, “CP;CP;DTtt; ” 

80 PRINT ttl, “LBPrinting characters terminate,” 
+CHR3 (13) + CHR$ (10) + “ 8 ” 

90 PR I NT 81, “ LBbu t a re a 1 so p r i n ted .8” 

100 PRINT ttl, “ CP;CP:DT ” +CHR$(13 IH— : " 

110 PRINT 81, “LBControl characters terminate” 

+CHR3f10 j+CHR$(13) 

120 PRINT 81, “LBand perform their function.” 

+CHR3 [ 13) + “ SF'0; ” 

130 END 

Default control character ETX 
terminates by performing end- 
of-text function. 

Printing characters terminate, 

#but are also printed.# 

Control characters terminate 
and perform their function. 
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ERROR: 


Condition 

Error 

Plotter Response 

more than 1 parameter 

1 or 2 

uses first character 


DV, Direction Vertical 

USE: Specifies vertical as the direction for subsequent labels. 
Use this instruction to “stack” horizontal characters in a column 
against a vertical axis. This is especially useful when using the 
Kanji character set. 

SYNTAX: DVn; or DV; 


Parameter 

Format 

Range 

Default 

n 

integer 

Oor 1 

0 

(horizontal) 


REMARKS: The plotter interprets the parameters as follows. 

• 0 — sets the direction for labels to horizontal. 

• 1 — sets the direction for labels to vertical. 

• no parameter — sets the direction for labels to horizontal. 

The PI and P2 settings have no effect on the label direction. 

The DV instruction updates the carriage-return point to the cur¬ 
rent pen location. Line feeds cause the next column of characters 
to be labeled to the left of the previous column. Also, the plotter 
rotates the label origins initiated using the LO instruction. The 
following show some of the LO instruction label origins; the 
remaining label origins follow the same pattern as these. 
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L L L 
L L L 0 0 0 
1 1* r 0 0 0 -7 8 9 

0 0 0 4 5 6 

12 3 

EXAMPLE: The following illustrates how line feeds and carriage 
returns affect vertical labels. Horizontal labels are shown for 
comparison. All terminators, line feeds, and carriage returns are 
sent using their ASCII decimal code equivalents with the CHR$ 
function. These are as follows. 

CHR$(3) sends the ETX (end-of-text) character 
CHR$(10) sends a line feed 
CHR$(13) sends a carriage return 


10 ’Insert configuration statement here 
20 PRINT 81, “IN;SP1;PA3000,3000;DV1;’’ 

30 ’ vertical 

40 PRINT ttl, “LBfiBC” +CHR$( 10) +CHP$(13) +CHRS(3) 
50 PRINT ttl, “LBDEF”+CHR$(10)+CHR$(3) 

G0 PRINT ttl, “LBGHI ” +CHR'$(3) 

7w ’ horizontal 

80 PRINT ttl, “PA4000,3000;DV0; ” 

80 PRINT ttl, “LBABC” +CHRJ(10) +CHR$(13) +CHR3(3) 
100 PRINT ttl, “LBDEF ” +CHR$(10) +CHR3(3 | 

110 PRINT 81, “ LBGH I ” +CHR$ (3) 

120 PRINT 81, “SP0; ” 

130 END 


D A 
E B 
F C 
G 
H 
I 


ABC 

DEF 

GHI 
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RELATED 

INSTRUCTIONS: DI, Direction Absolute 
DR, Direction Relative 
LO, Label Origin 


ERRORS: 


Condition 

Error 

Plotter Response 

more than 1 parameter 

2 

uses first parameter 

parameter out of range 

3 

ignores instruction 


ES, Extra Space 

USE: Adjusts space between characters and lines of labels 
without affecting character size. 

SYNTAX: ES spaces (,lines ); or ES; 


Parameter 

Format 

Range 

Default 


real 

-32 768.0000 to 32 767.9999 
CP cells 

0 

lines 

real 

-32 768.0000 to 32 767.9999 
CP cells 

0 


REMARKS: The plotter interprets parameters as follows. 

• spaces — adds (positive number) or subtracts (negative 
number) spaces between characters. The “space” is determined 
by the current character plot cell. You can specify fractional 
spaces; for legibility, do not specify more than one extra space. 

• lines — adds (positive number) or subtracts (negative number) 
lines between character lines. The “line” is determined by the 
current character plot cell. You can specify fractional lines. 

• no parameters — defaults the spaces and lines between char¬ 
acters to the dimensions of the character plot cell, as set by the 
most recent SI or SR instruction. 
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EXAMPLE: The following illustrates the difference of negative 
spacing, positive spacing, and default spacing. 


10 

'Insertc 

configuration statement here 

20 

PRINT HI, 

“IN;3P1;PA0,-30C 

)0; “ 

30 

PRINT ttl. 

“ES-.1,-.25; ” 


40 

PRINT ttl. 

“LBES-.1,-.25; c 

auses'' +LHR 


+CHR 

!$(10;i+i::hr$(3) 


50 

PRINT ttl. 

“LBthis spacing. 

” +CHR3 f 3) 

60 

PRINT ttl. 

“CP; CP; ” 


70 

PRINT ttl. 

•— — • — 1 ? 


80 

PRINT ttl. 

“LBES.2,.25; cau 

ses”+CHR3f 


+CHR 

:$(10)+CHR$(3) 


30 

PRINT ttl. 

“ LBtl iis spacing . 

” +CHR3 (3 j 

100 

PRINT ttl. 

“CP;CP; ” 


110 

PRINT ttl. 

“ES; ” 


120 

PRINT ttl. 

“LBES; causes’’ +CHR3f13) 


+CHR$(10J+CHR$(3) 


130 

PRINT ttl. 

“LBthis spacing. 

”+CHR3( 3) 

140 

PRINT ttl. 

“SP0; ” 


150 

END 




ES-. 

1, - .25; causes 


this 

spacing. 



ES . 2, .25; causes 
this spacing 

ES; causes 
this spacing. 

RELATED 

INSTRUCTIONS: CP, Character Plot 
LB, Label 
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ERRORS: 


Condition 

Error 

Plotter Response 

more than 2 parameters 

2 

uses first 2 parameters 

number out of range 

3 

ignores instruction 


LB, Label 

USE: Plots text using the currently defined character set. Use 
this instruction to annotate drawings or create text-only charts. 

SYNTAX: LB c.. .c CHR$(3) 

(where CHR$(3) is the ASCII character ETX (CTRL-C) or the label 
terminator you defined using the DT instruction) 


Parameter 

Format 

Range 

Default 

c.. .c 

label 

any character 

none 


REMARKS: The characters following the LB instruction up to 
the label terminator form the label. The plotter draws all printing 
characters using the currently selected character set (refer to 
Chapter 9). You can include nonprinting characters such as a 
carriage return or line feed. These characters are not drawn, but 
cause the plotter to perform the specified function. 

The direction, size, and slant of the characters and the spacing 
between characters assume default values if not previously speci¬ 
fied by the DI, DR, SI, SR, SL, and/or ES instructions. The label 
begins at the current pen location unless its placement has been 
set using an LO, Label Origin, instruction. After drawing each 
character, the pen moves to the next origin of the following char¬ 
acter. When finished drawing the label, the pen location is up¬ 
dated to be the next character origin. (Refer to Positioning Labels 
earlier in the chapter.) 
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Labels can be terminated only by sending a label terminator at 
the end of the character string or by clearing or resetting the 
plotter (refer to the User’s Guide). 

EXAMPLE: The following is an example of the LB instruction 
and the label it creates. Note that CHR$(3) is the ASCII equiva¬ 
lent of the end-of-text character ETX. 


10 'Insertc 

configuration statement here 

20 PRINT 81, 

“ IN;SP1;PR100,100; ” 

30 PRINT HI, 

“LBThis is a label. ”+CHR$(3 

40 PRINT 81, 

“SP0: ” 

50 END 



This is a label. 

RELATED 

INSTRUCTIONS: CA, Designate Alternate Character Set 
CP, Character Plot 

CS, Designate Standard Character Set 

DI, Direction Absolute 

DR, Direction Relative 

DT, Define Label Terminator 

ES, Extra Space 

LO, Label Origin 

SA, Select Alternate Character Set 
SI, Character Size Absolute 
SL, Character Slant 

SR, Character Size Relative 

SS, Select Standard Character Set 

LO, Label Origin 

USE: Positions labels relative to current pen location. Use LO 
to center, left-justify, or right-justify labels. The label can be above 
or below the current pen location and/or offset by an amount 
equal to 1/2 the character’s width and height. 

SYNTAX: LO position number \ 
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Parameter 

Format 

Range 

Default 

position number 

integer 

1 to 9 or 11 to 19 

1 


REMARKS: The following illustrates label origins 1 through 9. 
Each dot represents the current pen location. 


i-01 

Lg4 

L07 

• 

4_02 

L©5 

LOS 

T_03 

LQ6 

L09 

The label origins resulting from LO 11 through LO 19 are the 
same as LO 1 through LO 9, except that the labels are offset from 
the current pen location. 

LO 11 

• 

LO 14 

• 

LO 17 

• 

•LO 12 

LOl 5 

LOl 8* 

*L0 13 

L0*16 

LO 19* 

The amount of offset is equal to 1/2 the character’s width and 
1/2 of the character’s height as specified by the most recent SI or 
SR instruction. The offset is shown below. (Any extra space in 
effect does not affect the label origin location.) 


Vertical 
offset = 
V} character 
height 

Current 
pen location 


£ 



Horizontal offset = 
'h character width 
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An LO instruction remains in effect until replaced by another 
LO instruction, or the plotter is initialized or set to default 
conditions. 

Note that label origins 4 through 9 and 14 through 19 cause the 
plotter to store characters in a 150 character buffer. The label is 
not plotted until a carriage return or label terminator is received. 
The plotter truncates at 150 characters any label that exceeds 
that amount between carriage returns and/or label terminators. 
EXAMPLE: The following shows some of the effects of different 
label origins. 

10 ’Insert, configuration statement here 
20 PRINT ttl, “ IN;SI .187,.269:SF'l;PH0,1000; ” 

30 PR I NT ttl, “ PD -1000,0,0,-1000,1000,0,0,1000; ’ ’ 

40 PRINT ttl, “L04; ” 

50 PRINT ttl, “LBcentered on point.”+CHR$(3 ) 

60 PRINT ttl, “ F 1 U -1000,0:L018; ” 

70 PRINT ttl, “ LB left center ”+CHR$ (13 I+CHR3 (10 j 
+ “ o f f se t ” +CHR$ (3 j 
80 PRINT ttl. “PU0, -1000;L013; ” 

90 PRINT ttl, “LBright hang” +CHRS(13) +CHR$(10) 

+ “ offset ”+CHR$( 3) 

100 PR I NT ttl, “ PR1000,0; LI33; ” 

110 PRINT ttl, “LBright hang” +CHR$(13) +CHR$(10) 

+ “ f rorn point ” + CHR$ (3) 

120 PRINT ttl, “SP0: ” 

130 END 


left center 
offset 
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SI, Size Absolute Character 

USE: Specifies the size of characters in centimetres. Use this 
instruction to establish character sizing that is not dependent on 
the settings of PI and P2. 

SYNTAX: SI width, height ; or SI; 


Parameter 

Format 

Range 

Default 

width 

real 

-32 768.0000 to 32 767.9999 
centimetres 

0.285 cm 

height 

real 

-32 768.0000 to 32 767.9999 
centimetres 

0.375 cm 


REMARKS: An SI instruction without parameters, SI;, estab¬ 
lishes the character size at default values. When used, the param¬ 
eters specify the actual width and height of the character. 
Absolute character size remains in effect until another SI instruc¬ 
tion is executed, an SR instruction is executed, or the plotter is 
initialized or set to default conditions. 

EXAMPLE: The following draws characters in two different sizes: 
first, in the default size, and then 1-cm wide and 1.5-cm high. 
Subsequent examples show how negative parameters produce 
mirror image labels. 


10 "Insert configuration statement here 
20 D RIMT 81, “ IN; SF’l; PR300,5000; ” 

30 ='R I NT ttl, “ LBPlot ” +CHR$ (3) 

40 PRINT ttl, “PR300,4200; ” 

50 PRINT ttl. “511,1.5;LBPlot” +CHR$(3j 
60 PRINT ttl. “3P0; ’’ 

70 END 


Plot 
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Negative parameters produce mirror images of labels. A negative 
width parameter mirrors labels in the right-to-left direction. 


“ SI - . 3,. 45; LBP1 o t ”+CHR$(3 j 

ioiq 


A negative height parameter mirrors labels in the top-to-bottom 
direction. 


“SI.3,-. 45; LBP1 o t ”+CHR$ f 3) 

bJOf 


Negative width and height parameters together mirror labels in 
both directions, causing the label to appear to be rotated 180 
degrees. 


“SI -.3,-.45;LBP1ot”+CHR$(3J 

40Id 

RELATED 

INSTRUCTIONS: SR, Size Relative Character Set 
DI, Direction Absolute 
DR, Direction Relative 
LB, Label 

ERRORS: 


Condition 

Error 

Plotter Response 

1 parameter 

2 

ignores instruction 

more than 2 parameters 

2 

uses first 2 parameters 

parameter out of range 

3 

ignores instruction 
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SL, Slant Character 

USE: Specifies the slant at which label characters are drawn. 
Use this instruction to create slanted text for emphasis, or to 
reestablish upright labeling after an SL instruction with param¬ 
eters has been in effect. 

SYNTAX: SL tangent', or SL; 


Parameter 

Format 

Range 

Default 

tangent 

real 

-32 768.0000 to 32 767.9999* 

0 (no slant) 


*This is the actual range. The practical range is ±0.05 to ±2 for default char¬ 
acters and ±0.05 to ±3.5 for large characters. 


REMARKS: An SL instruction without parameters, SL; reestab¬ 
lishes the character slant to the default value of zero; that is, 
vertical (no slant). This is the same as SLO;. 

The parameter is the tangent of the angle 0 from vertical, as 
shown in the following illustration. The tangent is interpreted as 
an angle ±90 degrees from vertical. 



Positive Slant Negative Slant 

You can either specify the actual tangent value or use the TAN 
function available on most computers. A table of tangent values 
for selected angles follows. 
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Angle 

Tangent 

Angle 

Tangent 

0 

0 

0 

0 

-10 


10 

0.18 

-20 


20 

0.36 

-30 


30 

0.58 

-40 

-0.84 

40 

0.84 

-45 


45 


-90 

infinity 


infinity (error) 


The settings of PI and P2 do not affect the slant. The DI and DR 
instructions do affect the slant direction since the base of a char¬ 
acter always stays on the baseline of the label. 

An SL instruction remains in effect until you specify a new slant, 
or the plotter is either initialized or set to default conditions. 

EXAMPLE: The following shows you two methods for specifying 
the slant parameter. The first label uses a variable and is gen¬ 
erated by the TAN function. The second label is drawn using a 
tangent value given in the previous table. 

10 ’ I n s e r t c o n f i g u r a t i o n s t a t e rn e n t h e r e 

20 PRINT til, "IN;SP1;SI.7,1;PR1000,1000” 

30 PI — 3.141593 

40 H — TAN (20* (PI T80)) 

50 PRINT HI, “SL” ;H: “ ;LBSlant”+CHR$(3] 

60 PRINT til, “PH1000,300; ” 

70 PRINT 81, “ SL - .36;LB'S 1 ant ” +CHR$( 31 
80 PRINT 81, “SF'0: ” 

90 END 

Sian t 
SXaaaX. 

NOTE: Before using the TAN function, check your computer 
documentation to see how your system interprets angles. This 
version of Microsoft BASIC interprets angles as radians, so line 
40 in this program converts radians to degrees. On the HP Series 
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200 computers, execute the BASIC statement DEG before using 
the TAN function if you want to express the angle in degrees. ■ 

ERRORS: 


Condition 

Error 

Plotter Response 

more than 1 parameter 

2 

ignores additional parameter 

parameter out of range 

3 

ignores the instruction 


SR, Size Relative Character 

USE: Specifies the relative size of characters as a percentage of 
the distance between scaling points PI and P2. Use this instruc¬ 
tion to establish relative character sizes so that if the P1/P2 
distance changes, the character sizes adjust to occupy the same 
relative amount of space. 

SYNTAX: SR width, height ; or SR; 


Parameter 

Format 

Range 

Default 

width 

real 

-32 768.0000 to 32 767.9999 
percentage 

0.285 

centimetres 

height 

real 

-32 768.0000 to 32 767.9999 
percentage 

0.375 

centimetres 


REMARKS: An SR instruction without parameters, SR ;, estab¬ 
lishes relative character sizing and produces the same size 
characters (in centimetres) as listed for default sizes under the SI 
instruction. Once relative sizing is established, however, the 
character size adjusts (expands or contracts) with subsequent 
changes in the locations of PI and P2. 

The character size you specify with SR is a percentage of the 
plotter-unit distance between PI and P2. The plotter calculates 
the actual character width and height from the specified param¬ 
eters as follows. 

actual character width = width/100 X (P2 X — Pl x ) 

actual character height = height/100 X (P2 Y — Ply) 
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For example, suppose PI and P2 are located at -10075,-7090 
and 10 075,7090, respectively. If you establish relative sizing and 
specify a width of 2 and a height of 3.5, the plotter would deter¬ 
mine the actual character size as follows. 

width = 2/100 X 20150 = 403 plotter units or 1.01 cm 

height = 3.5/100 X 14180 = 496 plotter units or 1.24 cm 

If you changed PI and P2 settings to 100,100 and 5000,5000, but 
didn’t change the SR parameters, the character size would change 
as follows. 

width — 2/100 X (5000 — 100) = 98 plotter units or 0.245 cm 

height = 3.5/100 X (5000 — 100) = 171.5 plotter units or 

0.429 cm 

An SR instruction remains in effect until replaced with new rela¬ 
tive parameters, an SI instruction is executed, or the plotter is 
either initialized or set to default conditions. 

EXAMPLE: The following shows the default character size after 
an SR instruction is executed. Next, the locations of PI and P2 
are changed and, finally, percentages are specified for the char¬ 
acter sizes. Notice that the new character size has equal param¬ 
eters of 2.5; because the P1/P2 area is square, the resulting 
characters are square. 

10 'Insert configuration statement here 
20 PRINT 01, “ IN:SPl;PA300,7000;SR;LBDEFRULT SIZE" 
+CHRJ l 3) 

- C| ? 

30 PRINT 01, “ IF'0,0,5500,5500;PR300,6500; ” 

40 PRINT 01, “LBNEW PI AND P2 CHANGE LABEL SIZE” 

-f HPT (3 j 

45 ’ 

50 PRINT 01, “PA300,6000;SR2.5,2.5; " 

60 PRINT 01, “LBNEW SR INSTRUCTION” +CHR$(13) 

+1 HP'S (10) 

70 PRINT 01, “CHANGES LABEL SIZE” +CHR$(3) + “SP0; ” 
80 END 
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DEFAULT SIZE 


MEW PI AND P2 CHANGE LABEL SIZE 

NEW SR INSTRUCTION 
CHANGES LABEL SIZE 

NOTE: Either negative SR parameters or switching the relative 
location of PI and P2 will produce mirror images of labels. When 
PI is in the lower left and P2 is in the upper right, a negative 
width parameter mirrors characters right-to-left. You can get a 
similar result by moving PI to the right of P2 and a positive 
width parameter. When you combine both of these mirroring 
techniques, PI in the lower right, P2 in the upper left, and a 
negative width parameter, the label appears normal. You can 
achieve a similar effect using the height parameter to mirror a 
label from top-to-bottom. ■ 

RELATED 

INSTRUCTIONS: DI, Direction Absolute 
DR, Direction Relative 
IP, Input PI and P2 
LB, Label 
SI, Size Absolute 


ERRORS: 


Condition 

Error 

Plotter Response 

1 parameter 

2 

ignores instruction 

more than 2 parameters 

2 

ignores additional parameters 

parameter out of range 

3 

ignores instruction 
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Character Sets and Characters 


The plotter has 20 fixed-space vector font character sets (sets 0-9 
and 30-39) and the drafting set (set 99) immediately available for 
labeling. The Kanji character set (sets 100 and 101) is available 
only as an option. This chapter shows you how to switch from 
one character set to another for labeling with special characters, 
as found in mathematical expressions or foreign languages, and 
how to create characters not found in the sets. 

Using Character Sets 

The plotter’s character sets all occupy equal horizontal space, 
and each character is drawn using a fixed number of vectors 
(lines). The drafting set is designed to provide reliable character 
recognition in situations where photo reduction may cause image 
degradation and loss of resolution. For example, the plotter draws 
the characters “B”, “8”, and “S” in such a way as to avoid con¬ 
fusion. The set also contains symbols that are used in drafting. 

The next table lists the character sets with their ISO (Interna¬ 
tional Standards Organization) registration number, if any. Refer 
to Appendix B for a complete illustration of the characters in 
each set. 
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Fixed-Space 
Vector Font 

Character Set 

ISO 

Registration 

Number 


ANSI ASCII 

006 

1 

9825 Character Set 

— 

2 

French/German 

— 

3 

Scandinavian 

— 

4 

Spanish/Latin American 

— 

5 

Special Symbols 

— 

6 

JIS ASCII 

014 

7 

Roman Extensions 

— 

8 

Katakana 

013 

9 

ISO IRV (International 

002 


Reference Version) 



ISO Swedish 

010 

31 

ISO Swedish for Names 

Oil 

32 

ISO Norway, Version 1 

060 

33 

ISO German 

021 

34 

ISO French 

025 

35 

ISO United Kingdom 

004 

36 

ISO Italian 

015 

37 

ISO Spanish 

017 

38 

ISO Portuguese 

016 

39 

ISO Norway, Version 2 

061 

99 

Drafting 

— 


Kanji 

— 


Kanji 

— 


The plotter lets you designate a standard character set and an 
alternate character set for labeling. When the plotter is turned 
on, initialized, or set to default conditions, it automatically selects 
set 0 (ANSI ASCII English) as both the standard and alternate 
character sets. Character set 0 is as follows. 


! "#$%&’ () *+, - ,/0123456789: ; <=>?© 
ABCDEFGHIJKLMNOPQRSTUVWXVZ[\] 
abcdefghi jklmnopqrstuvwxyz {| } ~ 

Since the plotter uses this set automatically, you need select 
another set only when necessary. Most sets draw identical upper- 
and lowercase letters and numbers (the exceptions being sets 5, 
7, 8, and 99). The differences between the character sets are the 
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additional characters needed for certain languages, for example, 
the Q in French/German set 2 and the £ in Scandinavian set 3. 

When you want to use another character set, you must first 
designate the character set either as a standard set or alternate 
set, before you can select it for labeling. Designate character sets 
using either the CS (Designate Standard Character Set) or CA 
(Designate Alternate Character Set) instructions. Select either 
the standard or alternate set for use with the SS (Select Standard 
Character Set) or SA (Select Alternate Character Set) instructions. 

Designating and Selecting Character Sets 

If you always intend to label with the default set, ANSI, ASCII 
English, you do not need to use the CS or CA instructions for 
designating standard and alternate character sets. However, if 
you intend to use a different set, you must use these instructions 
before you can select them (using either SA or SS) for labeling. 

Standard and Alternate Character Sets 

The following outlines some of the principles to use when labeling 
with different character sets. 

• Designate the standard and alternate character sets using the 
CS and/or CA instructions before labeling. If you are using 
set 0 as your standard set, you need specify only your alternate 
set. 

• Select either the designated standard set or alternate set using 
either the SS or SA instruction before labeling. 

Note that labeling always begins with the standard set. If you 
want to start with the alternate set first, use the SA instruction 
before you label. 

• Switch from the standard character set to the alternate char¬ 
acter set within a label string using the shift-out ASCII control 
character (decimal code 14). Switch from the alternate set to 
the standard set using the shift-in ASCII control character 
(decimal code 15). 
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Special Characters 

There are two ways to access special characters in any set. 

• Use the equivalent ANSI ASCII character on your keyboard 
in the label string. (Refer to the Character Sets and ASCII 
Codes table in Appendix B.) For example, to draw the char¬ 
acter “1/2” in set 7, you can use the “x” from the keyboard. 

“ C5?;LBx ” +CHR$(3) ^ 

• Use a computer language dependent function such as CHR$ 
to enter the decimal code. For example, to draw the character 
“1/2” in set 7, use CHR$(120). 

“CS? ;LB” +CHR$ (120 j +CHR$ (3 J 

Some characters, such as the underscore in set 4, automatically 
backspace before drawing the character. To use these characters, 
include them in the label string after the character to be under¬ 
scored or accented. 

“CS0 ;CA4; LBS _E_T_0_” +CHR$ f 14) 

+ “ S_E_T_4_ ”+CHR$ ( 3) 

S E T 0 SET4 


Designing Characters 

If you need a special label character or symbol that is not included 
in any of the character sets, you can use the UC, User-defined 
Character, instruction to create your own symbol. When you use 
the UC instruction, you will define your character using X,Y 
increments on a grid superimposed on a character plot cell. This 
lets the plotter draw your user-defined symbol using the same 
character sizing as the other characters you are using. For more 
information on the character plot cell, refer to The Character 
Plot Cell and the CP instruction in Chapter 8. 
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CA, Designate Alternate Character Set 

USE: Designates a character set as the alternate character set 
to use in labeling instructions. Use this instruction to provide an 
additional character set that you can easily access in a program. 

SYNTAX: CA set; or CA; 


Parameter 

Format 

Range 

Default 

set 

integer 

0-9, 30-39, 99,100 & 101* 

0 


*The Kanji character set (sets 100 and 101) are available as an option on the 
HP-IB cartridge only. Refer to Appendix D for more information on using Kanji. 


REMARKS: Specifies the character set to be used when the alter¬ 
nate set is selected by the SA instruction or the control character 
shift-out (decimal 14) in a label string. Refer to Designating and 
Selecting Character Sets earlier in this chapter. 

• set — designates one of the following sets for all labeling 
operations when the alternate set is selected by the SA instruc¬ 
tion prior to labeling or by the control character shift-out 
(decimal 14) within a label string. 

0-9 and 30-39 designate fixed-space vector fonts. 

99 designates the fixed-space vector drafting font. 

100 and 101 designate the Kanji character sets. 

• no parameter — designates the default character set of 0 
(ANSI ASCII English). The plotter also selects this character 
set when initialized or set to default conditions. 

The CA instruction does not select the character set for current 
use. After using the CA instruction, use the SA instruction to 
select it for use. Once you have used the SA instruction to select 
the alternate character set, a new CA instruction causes all sub¬ 
sequent labeling to be done with the new set. 

However, if you execute a CA instruction while the standard set 
is selected (an SS instruction has been executed), subsequent 
labeling will not be done with the new alternate set until you 
select it with an SA instruction or shift-out character. 
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EXAMPLE: Refer to the SA, Select Alternate Character Set, 
instruction for an example using this instruction. 

RELATED 

INSTRUCTIONS: CS, Designate Standard Character Set 
SA, Select Alternate Character Set 
SS, Select Standard Character Set 

ERRORS: 


Condition 

Error 

Plotter Response 

more than 1 parameter 

2 

uses first parameter 

parameter out of range 

3 

ignores instruction 

invalid character set 

5 

ignores instruction 


CS, Designate Standard Character Set 

USE: Designates a character set as the standard character set 
for labeling instructions. Use this instruction to change the 
default ANSI ASCII English set to one containing the characters 
you will most use for labeling. 

SYNTAX: CS set; or CS; 


Parameter 

Format 

Range 

Default 

set 

integer 

0-9, 30-39, 99,100 & 101* 

0 


*The Kanji character set (sets 100 and 101) are available as an option cartridge 
only. Refer to Appendix D for more information on using Kanji. 


REMARKS: Specifies the character set to be used as the standard 
set when selected by the SS instruction or the control character 
shift-in (decimal 15) in a label string. Refer to Designating and 
Selecting Character Sets earlier in this chapter. 

• Set — designates one of the following sets for all labeling 
when the standard set is selected by the SS instruction prior to 
labeling or by the control character shift-in (decimal 15) within 
a label string. 
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0-9 and 30-39 designate fixed-space vector fonts. 

99 designates the fixed-space vector drafting font. 

100 and 101 designate the Kanji character sets. 

• no parameter — designates the default character set of 0 
(ANSI ASCII English). The plotter also selects this character 
set when initialized or set to default conditions. 

If you execute a CS instruction while the standard set is being 
used, subsequent labeling will be done with the set designated by 
the new CS instruction. However, if you execute a CS instruction 
while the alternate set is selected (e.g., an SA instruction has 
been executed), subsequent labeling will not be done with the 
new standard set until it is selected with an SS instruction. 

EXAMPLE: Refer to the SA, Select Alternate Character Set, 
instruction for an example using this instruction. 

RELATED 

INSTRUCTIONS: CA, Designate Alternate Character Set 
SA, Select Alternate Character Set 
SS, Select Standard Character Set 


ERRORS: 


Condition 

Error 

Plotter Response 

more than 1 parameter 

2 

uses first parameter 

number out of range 

3 

ignores instruction 

unsupported set 

5 

ignores instruction 


SA, Select Alternate Character Set 

USE: Selects the alternate character set (already designated by 
the CA instruction) for subsequent labeling. Use this instruction 
to shift from the currently selected standard set to the designated 
alternate set. 

SYNTAX: SA; 
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REMARKS: The SA instruction tells the plotter to draw subse¬ 
quent labeling instructions using characters from the alternate 
character set previously designated by the CA instruction. The 
SA instruction is equivalent to using the ASCII control character 
“shift-out” (decimal 14) within a label string. 

The default designated alternate character set is set 0. The alter¬ 
nate character set remains in effect until an SS instruction is 
executed, a “shift-in” character (decimal 15) is encountered, or 
the plotter is initialized or set to default conditions. 

EXAMPLE: Although some instructions are printed on two lines 
to fit on this page, you should send these to the plotter as one 
string. 

10 ’Insert configuration statement here 
20 PRINT ttl, “IN;SP1:PR-1400,-1400;’’ 

30 PRINT ttl, “CS0;CR4;” 

40 PRINT ttl, “LBEnqlish” +CHR$(3) + “CP; ” 

50 PRINT ttl, “LBor Spanish--” +CHR$(3) + “SR; 

LBttsu compan”+CHR$(124) + “ia?”+CHR$( 3 ) 

60 PRINT ttl, “CP;CR2;SS;LBor French--”+CHR$(3) 

+ “ Sfl: LBde f a\on que ” +CHR$ (15 j +CHR$ (3 j 
70 PRINT ttl, “CP;CR33;LBor German--”+CHR$(3) 

+ “ Sfi; LB 1 {~b sich anhand ” +CHR$ (3 j 
80 PRINT ttl, “SP0; ” 

80 END 

English 

or Spanish—£su compania? 
on French—de fapon que 
on German—laBb sich anhand 

NOTE: If your keyboard does not include the backslash (\) in 
line 60, send ASCII decimal code 92. If your keyboard does not 
include the open brace ({) or tilde (~) in line 70, send ASCII 
decimal codes 123 and 126, respectively. ■ 

RELATED 

INSTRUCTIONS: CA, Designate Character Set Alternate 
CS, Designate Standard Character Set 
SS, Select Standard Character Set 
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ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters 


SS, Select Standard Character Set 

USE: Selects the standard set (already designated by the CS, 
Designate Standard Character Set, instruction) for subsequent 
labeling. Use this instruction to shift from the currently selected 
alternate set to the designated standard set. 

SYNTAX: SS; 

REMARKS: The SS instruction tells the plotter to draw subse¬ 
quent labeling instructions using characters from the standard 
character set designated by the CS instruction. The SS instruc¬ 
tion is equivalent to using the control character “shift-in” (deci¬ 
mal 15) within a label string. 

The default designated standard character set is set 0. Character 
set 0 is in effect when the plotter is initialized or set to default 
conditions. The SS instruction remains in effect until an SA 
instruction is executed. 

EXAMPLE: Refer to SA, Select Alternate Character Set, instruc¬ 
tion for an example using this instruction. 

RELATED 

INSTRUCTIONS: CA, Designate Alternate Character Set 
CS, Designate Standard Character Set 
SA, Select Alternate Character Set 


ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters 
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UC, User-defined Character 


USE: Draws characters of your own design. Use this instruction 
to create characters or symbols not included in the plotter’s 
character sets or to draw logos. 

SYNTAX: UC (pen control,) X-increment, Y-increment (,...) (,pen 
control) (,...); or UC; 


Parameter 

Format 

Range 

Default 

pen control 

integer 

9999 to 32 767 = pen down 
—9999 to -32 768 = pen up 

pen up 

X-increment, 

Y-increment 

integer 

-9998 to 9998 

none 


REMARKS: The characters are drawn with relative increments 
using a primitive grid that is superimposed on the character plot 
(CP) cell. Interpret the parameters as follows. 

• pen control — is for lifting and setting down the pen, and is 
interpreted as follows. 

pen down — any integer within 9999 to 32 767, inclusive, 
pen up — any integer within —9999 to -32 768, inclusive. 

• X-increment,Y-increment — any integer within -9998 to 
9998, inclusive. 

• no parameters — moves the pen one character plot cell in a 
positive direction (refer to the DI (Direction Absolute) and DR 
(Direction Relative) instructions in Chapter 8). 

The primitive grid resolution is as follows. 



Horizontal mode 

Vertical mode 

1 CP space 

48 grid units 

44 grid units 

1 CP line 

64 grid units 

64 grid units 


Characters defined within a 32 X 32 unit grid use the same 
amount of cell space as each character in any of the plotter’s 
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character sets. That is, each character in a 32 X 32 unit grid is 
proportionate to all other characters. The grid imposed on the 
character plot cell and the 32 X 32 unit character space is shown 
in the following illustration. 



Character width 
32 grid units 


The UC instruction initially raises the pen (regardless of the 
current pen status). To draw a character, then, you must include 
at least one pen down. The pen remains down for subsequent 
X,Y increments until you specify a pen up parameter or terminate 
the UC instruction. You can include as many pen control param¬ 
eters as you need to draw your character. 

The UC instruction establishes your current pen location as the 
lower-left comer of the grid; this is the character plot origin (0,0). 
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Using the pen control parameters and X,Y increments, move the 
pen relatively to the points that define your character. (For more 
information regarding relative movement, refer to Using Abso¬ 
lute and Relative Movement in Chapter 4.) 

On completion of the character, the pen raises and moves one 
character plot cell to the right of the current character’s origin, 
including any adjustment to spacing set by the ES (Extra Space) 
instruction. The current pen up/down position is then restored to 
that of the most recent PU or PD instruction. 

Confining your user-defined character to the width and height 
specified above (32 X 32 grid units) ensures that your character 
will be the same size as characters in any character set. However, 
you can extend your character into the area normally reserved 
for the space around a character, and even into the adjacent 
character plot cells. After drawing a character that extends into 
the next character plot cell, the pen moves one CP cell from the 
user-defined character’s origin (the lower-left comer). That is, the 
next character drawn would partially overwrite the user-defined 
character. Use a PA, PR, or CP instruction to move the pen 
beyond the limits of the user-defined character before drawing 
the next character. 

EXAMPLE: The following illustration shows a sigma on a char¬ 
acter plot grid, and the program line that draws it. 


( 0 , 8 ) 

(32,24) 


( 0 , 8 ) 

(32,0) 

" ‘ UC32 ,24,3999,0,8, - 32,0, lb, - 1G, -16, - 1G ,32,0,0, o; ” 
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The following uses the program line on the previous page to 
illustrate its proportions compared with uppercase letters. 

10 ’Insert, configuration statement here 
20 PRINT HI, “IN;SP1;PR1000,1000; ” 

30 PRINT ttl, “UC32,24,3999, 0, 8,-32,0,1G,-16,-16,-16, 
32,0,0,8;” 

40 PRINT HI, “LBIGt'1A”+CHR$(3) 

50 PRINT ttl, “SP0: ” 

60 END 


SIGMA 


Note that adding an SI or SR instruction to line 20 does not 
change the relative sizes between the sigma and the other letters. 

The following defines a resistor symbol that extends lengthwise 
beyond one character plot cell. Remember, on completion of a 
user-defined character, the pen moves one CP cell to the right of 
the character origin. The CP instruction (line 40) is included, 
then, to prevent the 1000 from overlapping the resistor symbol. 
Line 30 is shown printed on two lines to fit on this page; you 
should send it to the plotter as one string. 

10 ’In s e r t c o n f i g u r a t. i o n s t a t e m e n t h e r e 
20 PRINT ttl, “IN;5P1;PA1000,5000; ” 

30 PRINT ttl, “UC0,16,9999,7,0,6,16,12,-32,12,32, 

12,-32,12,32,12,-32,6,16,7,0; ” 

40 PRINT ttl, “CP2,0;LB1000 ohms” +CHR$(3) 

50 PRINT ttl, “SP0; ” 

60 END 


AW 1000 ohms 

ERRORS: 


Condition 

— 

Error 

Plotter Response 

odd number of increments 

2 

ignores odd increment 

parameter out of range 

3 

terminates instruction with 
out of range parameter 
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CHAPTER 


Changing Picture Area 
and Orientation 


For most plotting situations, the pen will probably draw as you 
expect it to. However, proper movement depends on your graphics 
limits and the X,Y coordinates you specify. This chapter discusses 
how to manipulate the graphics limits to your specific needs; 
that is, establish windows (soft-clip limits) to restrict plotting to a 
specific area, and rotate the coordinate system. This chapter also 
introduces you to some output instructions that you can use 
effectively with the other instructions presented here. 



Windowing: Setting Up Soft-Clip Limits 

Soft-clip limits temporarily restrict pen movement to a rectan¬ 
gular area or window. When you turn on or initialize the plotter, 
or set it to its default conditions, the soft-clip limits are the same 
as the hard-clip limits. You establish the soft-clip window using 
the IW (Input Window) instruction. This has the same effect as 
the hard-clip limits; the plotter does not draw vectors or labels 
outside the window. When the pen reaches the window boundary, 
it lifts and stops moving. It remains in this location until another 
instruction returns the pen to a point within the window limits. 
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The following illustration shows that there are four types of line 
segments that you can specify from one point to another. 


Last Point 

1. Inside window area 

2. Inside window area 

3. Outside window area 

4. Outside window area 


New Point 

to inside window area 
to outside window area 
to inside window area 
to outside window area 



The IW instruction enables you to control the size of the plotting 
area so that you can draw a particular portion of a plot. You can 
use the remaining area for labels, or another plot. Refer to Soft- 
Clip Limits in Chapter 2 and the IW instruction description later 
in this chapter. 

Enlarging or Reducing a Picture 

The basic technique for changing a picture’s size is to scale the 
plotting area defined by Pi and P2, then move the locations of 
PI and P2 so they define a smaller or larger area. (Only scaled 
plots are affected by the changes in the P1/P2 locations.) This 
is especially useful when you want to be able to plot the picture 
on any portion of the page. 

To maintain the proportions of scaled plots, set PI and P2 so 
they define an area with the same aspect ratio as the original 
scaling rectangle. For example, if the area defined by PI and P2 
is 3000 X 2000 plotter units in its X- and Y-axes, respectfully, its 
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aspect ratio is 3:2. To enlarge the plot, set PI and P2 to define a 
larger area that maintains a 3:2 ratio. 

The following illustrates this using a square P1/P2 scaling rec¬ 
tangle (the ratio is 1:1) with a scale of 0 to 10 in both axes. After 
drawing a circle within the scaled area, the locations of PI and 
P2 move to form a new rectangular area that maintains the 1:1 
ratio. Note that the circle plotted in the new area is smaller but is 
proportionally identical. 


10 "Insert configuration statement here 
20 PRINT ttl, “ IN;IP2000,2000,6000,G000; ” 
30 PRINT ttl, “SC0,10,0,10;3P1; ” 

40 PRINT ttl, “Pfi5,5;CI3; ” 

50 PRINT ttl, “IP7000,2000,3000,4000; ” 

60 PRINT ttl, “F'fi5,5;CI3;SP0; ” 

70 END 

Original P2 

I I 



Drawing Equal-Sized Pictures 
on One Page 

You may occasionally want to plot more than one drawing on 
the same paper for a side-by-side comparison. This could be useful 
in comparing parts, assemblies, layouts, or other similar informa¬ 
tion. The easiest way to draw equal-sized pictures on one piece of 
paper is to take advantage of the fact that P2 follows PI when¬ 
ever you change the location of PI. That is, you can use the IP 
instruction to move the location of PI only; P2 will retain the 
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same relative distance from PL (Depending on the locations of 
PI and P2 when you move PI, P2 could move outside the hard- 
clip limits. The scaling remains in effect for the entire P1/P2 area, 
although some of the area is outside the hard-clip limits.) 

When drawing equal-sized pictures on the same paper, let PI and 
P2 define an area that is no more than half of the current plotting 
area. Restricting your plot to this area ensures that two complete 
pictures of equal size would fit within the current hard-clip limits. 

For example, the following program locates PI and P2 on the left 
side of the paper and scales the area. After drawing a boundary 
using the scaling parameters, the IP instruction moves only the 
PI location to the right side of the paper. Since P2 automatically 
tracks PI, the scaled plotting area retains the same dimensions 
as the first. The plotted rectangle around the second area shows 
P2 in its new location. 

10 ’Insert configuration staternent here 
20 PRINT HI, “IN; IP-10000,-7000,-100,7000; ” 

30 PRINT ttl, “SC0,10,0,15; ” 

40 PRINT ttl, “SP1;PR0,0;PD10,0,10,15,0,15,0,0;PU; ” 
50 PRINT ttl, “ IP10Q, -7000; ” 

60 PRINT ttl, “PR0,0;PD10,0,10,15,0,15,0,0; " 

70 PRINT ttl, “5P0; ” 

30 END 


- i 


— < 1 

Original P2 


New P2 

(10,15) user units 


(10,15) user units 

Original PI 


New PI 

(0,0) user units 

V - 


(0,0) user units 

I-—- 
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NOTE: Neither of the P1/P2 frames are windows or graphics 
limits; the pen can plot anywhere within the hard-clip limits. The 
new PI and P2 retain their scaled values. This allows you to use 
the same coordinates on both halves of the page. If you do not 
assign a scale to PI and P2, you must calculate the new plotter 
unit coordinates for the plot on the second half of the page. ■ 

Creating Mirror Images 

For most plots, you will probably set PI and P2 so that PI is in 
the lower-left comer and P2 is in the upper-right comer of the 
scaling area. However, you can change the relationship of PI 
and P2. When you do, an interesting phenomenon known as 
mirror imaging can occur (scaling must be on). 

You can mirror image any scaled plot by changing the relative 
locations of PI and P2. You can mirror image labels using the DI 
(Direction Absolute), DR (Direction Relative), and/or the SR (Size 
Relative) instructions. The DI, DR, and SR instructions are dis¬ 
cussed in Chapter 8, Labeling Your Plots. 

The following program uses a subroutine to draw the exact same 
picture (an arrow) four times. Because the program changes the 
relative locations of PI and P2, the direction of the arrow is 
different in each of the four drawings. The program sets PI and 
P2, draws the plot, then returns to reset PI and P2 (using the IP 
instruction). This continues until all four possible mirror images 
are plotted. (The original plot is shown in each picture so you can 
compare the orientation of the mirror image.) 


10 

’ I rise 

rt c 

onf iqu 

ration 

statement here 

20 

PRINT 

81, 

“ IN;3 

PI;IFT 

500,3600,3000, 

30 

PRINT 

81, 

“SC-1 

5,15,- 

10,10; ” 

40 

GDSUB 

130 




50 

PRINT 

81, 

“ IF'30 

00,360 

0,1500,5100;” 

60 

G03IJB 

130 




70 

PRINT 

81, 

“ I PIS 

00,510 

0,3000,3600;” 

30 

G'OSLIE: 

130 




90 

PRINT 

81, 

“IF'30 

00,5101 

0,1500,3600;” 

100 

GO SUE! 

130 




110 

PRINT 

81, 

“SP0; 

■J f 
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120 

130 

END 

‘draws tin 

e arrou 

j 


140 

PRINT 81, 

C . ' 

“Pfll, 

2; F'Dl, ‘ 

4.3,4,3,7,2,7,4,9,6 

150 

PRINT 81, 

“ PD5, 

4,12,4 

,12,5,14,3,12,1:” 

160 

170 

PRINT 81, 
RETURN 

“ F'D12 

,2,1,2 

;PU: ” 


P2 (3000,5100) 



PI (1500,3600) 


Normal 


(Lines 20-40) 
PI (1500,5100) 



P2 (3000,3600) 


Upside Down 
(Lines 70-80) 


P2 (1500,5100) 



PI (3000,3600) 


Reversed 
(Lines 50-60) 

PI (3000,5100) 



P2 (1500,3600) 


Upside Down and Reversed 
(Lines 90-100) 
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Rotating a Picture 

The plotter always sets the X-axis parallel to the longest edge of 
your media. However, you can change this orientation using the 
RO (Rotate) instruction to rotate the coordinate system 90 degrees. 
Note that you can rotate the orientation only once, and then 
rotate it back again. Rotations are not cumulative. 

The following shows the default orientation of the axes and loca¬ 
tions of PI and P2. 


D-size 



Front of Plotter 

The following illustration shows the orientation of the axes and 
locations of PI and P2 after using the RO instruction with a 90 
degree rotate parameter. The X,Y coordinates for Pi and P2 do 
not change. Note that the direction of rotation is dependent on 
paper size. 
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D-size 



Front of Plotter 

Note that the locations of Pi and P2 are now off the paper. (The 
front-panel Rotate button rotates the coordinate system and 
places Pi and P2 within the hard-clip limits; refer to User’s Guide.) 
You can use the IP instruction after the RO instruction to set the 
locations of PI and P2 within the hard-clip limits. This is equiv¬ 
alent to using the front-panel ROTATE button. However, when you 
reset your coordinate system to its default orientation, you must 
remember to reset Pi and P2 (using the IP instruction again). 

Using the Output Instructions in This 
Chapter 

When changing a plot’s size or orientation, you often need to 
know the current soft-clip limits (window), hard-clip limits, and 
the locations of Pi and P2. You can learn this information from 
the plotter by using the OW (Output Window), OH (Output Hard- 
clip Limits), and OP (Output Pi and P2) instructions described 
later in this chapter. 

Output instructions are a special breed of HP-GL instructions. 
They perform no plotting. They provide information to be read 
by the computer. Read Notes for Obtaining Plotter Output in 
Chapter 11 before using the output instructions in this chapter. 
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IW, Input Window 

USE: Defines a rectangular area, or window, that establishes 
soft-clip limits. Subsequent programmed pen motion is restricted 
to this area. Use this instruction when you want to be sure that 
the plotter draws only the portion of your plot that falls within a 
specific plotting area. 

SYNTAX: IW X„ Y„ X 2 , Y 2 ; or IW; 


Parameter 

Format 

Range 

Default 

x 1 ,Y 1 ,x 2 ,Y 2 

real 

-32 768.0000 to 32 767.9999 
current units* 

hard-clip limits 
for paper size 


*Regardless of scaling, the plotter rounds all decimal fractions to the appropriate 
integer (refer to A Note About Rounding in Chapter 3). The rounded integer 
reflects current units. 


REMARKS: The four parameters of the IW instruction specify 
the X,Y coordinates of opposite, diagonal comers of the window 
area, usually the lower-left and upper-right comers. 

You can define a window that extends beyond the hard-clip limits, 
however, the plotter cannot move the pen beyond the hard-clip 
limits. 


1 Window area 1 

1 _1_ 


1 

1 

Permitted ! 


drawing j 


area 1 

1 

1_ 

i 

_1 


Hard-clip limits 

_z_ 
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If the window falls entirely outside of the hard-clip limits, no plot 
will be drawn. This can happen when you define a window that 
is normally within the hard-clip limits, then a subsequent RO 
(Rotate) instruction moves the window outside of the hard-clip 
limits. 

When you turn the plotter on, the window is automatically set to 
the (mechanical) hard-clip limits. You can define a window any¬ 
where within (or congruent with) the hard-clip limits. All pro¬ 
grammed pen motion is then restricted to this area. For more 
information, refer to Windowing: Setting Up Soft-Clip Limits at 
the beginning of this chapter. 

NOTE: Pen movement directed by the front-panel CURSOR 
CONTROL buttons is not restricted by a window. ■ 

The IW instruction remains in effect until another IW instruction 
is executed, or the plotter is initialized or set to default conditions. 

EXAMPLE: The following draws a label, then establishes a 
window and draws the label again along with a line. Notice how 
the line and label are clipped after the window has been estab¬ 
lished, but not before. 


10 

7 Insert 

s o n fig u r a 1.1 o n s t a t e rn e n t 

20 

PRINT ttl 

, “ IN;3P1; ” 

30 

PRINT ttl 

, “SI.2..35;PR2000,3200;” 

40 

PRINT ttl 

. “LBTHIS IS RN EXAMPLE 0E IW 

50 

PRINT ttl 

, “ IU3000,1300,4500,3700;” 

60 

PRINT ttl 

, “PD2000,1700;” 

70 

PRINT ttl 
IW” 

, “LBTHIS IS AN EXAMPLE 0E 
+CHR$(3) 

80 

PRINT ttl 

4501 

, “PU3000,1300;PD 4500.1300, 

.3700; " 

90 

PRINT ttl 

, “ P D3000,3700,3000,1300; P1J: 

100 

110 

PRINT ttl 
END 

“SP0; ” 
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(4500,3700) 



RELATED 

INSTRUCTION: OW, Output Window 

ERRORS: 


Condition 

Error 

Plotter Response 

more than 4 parameters 

2 

uses first 4 parameters 

1, 2, or 3 parameters 

2 

ignores instruction 

number out of range 

3 

ignores instruction 


OH, Output Hard-Clip Limits 

USE: Outputs the X ,Y coordinates of the current hard-clip limits. 
Use this instruction to determine the plotter unit dimensions of 
the area in which plotting can occur. 

SYNTAX: OH; 

RESPONSE: X ix ,Y 1x> X URi Yur [TERM] 
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REMARKS: The coordinates are always expressed in plotter 
units and represent the lower-left and upper-right comers of the 
hard-clip limits. After sending the OH instruction, have your 
program immediately read the plotter’s response. 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 


OP, Output PI and P2 

USE: Outputs the X ,Y coordinates (in plotter units) of the current 
scaling points PI and P2. Use this instruction to determine the 
numeric coordinates of PI and P2 when they have been set man¬ 
ually, and to help compute the number of plotter units per user 
unit when scaling is on. This instruction can also be used with 
the IW (Input Window) instruction to programmatically set the 
window to PI and P2. 

SYNTAX: OP; 

RESPONSE: P1 X ,P1 Y ,P2 X ,P2 Y [TERM] 

REMARKS: The P1/P2 coordinates are output as plotter units. 
After sending the OP instruction, have your program immediately 
read the plotter’s output response. 

Upon completion of output, bit position 1 of the status word is 
cleared (refer to the OS, Output Status instruction). 

EXAMPLE: Note that your computer may use different state¬ 
ments and/or a different format to read input from a peripheral. 
Use whatever is required by your computer. The following reads 
output from the plotter and prints the information on the com¬ 
puter’s screen. 

10 "Insert configuration staternent here 
20 PRINT 81, “IN;OR; ” 

30 INPUT 81,A,B,V,Z 
40 PRINT A,B,Y,Z 
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RELATED 

INSTRUCTION: IP, Input Pi and P2 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 


OW, Output Window 

USE: Outputs the X,Y coordinates of the lower-left and upper- 
right corners of the window area in which plotting can occur. 
This instruction is especially useful when the window area 
(defined by IW) extends beyond the hard-clip limits. 

SYNTAX: OW; 

RESPONSE: X LL ,Y LiL ,X UR ,Y UR [TERM] 

REMARKS: When scaling is on, the coordinates are expressed 
in user units; otherwise, they are in plotter units. The coordinate 
pairs represent the lower-left and upper-right corners of the cur¬ 
rent window. When the window defined by IW extends beyond 
the hard-clip limits, the plotter outputs the coordinates of the 
intersection of the window and hard-clip limits. Have your com¬ 
puter read the output immediately. 

Note that you may not be able to draw the window output by OW 
when scaling is on. Because the plotter rounds user unit values 
before output, the window coordinates may be outside the actual 
window. 

EXAMPLE: Note that your computer may use different state¬ 
ments and format to read input from a peripheral. Use whatever 
is required by your computer. The following reads output from 
the plotter and prints the information on the computer’s screen. 

10 'Insert confiquration staternent 
20 PRINT 81, “IN:ON;” 

30 INPUT 81,L,F,U,R 
40 PRINT L,F,l,R 
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RELATED 

INSTRUCTION: IW, Input Window 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameter(s) 


RO, Rotate Coordinate System 

USE: Rotates the plotter’s coordinate system 90 degrees about 
the plotter-unit coordinate origin. This instruction allows you to 
orient your plot vertically or horizontally. 

SYNTAX: ROn; or RO; 


Parameter 

Format 

Range 

Default 

n 

integer 

0 or 90 (degrees) 

0 (degrees) 


REMARKS: The plotter interprets the values for the parameter 
n as follows. 

• 0 — sets the orientation to horizontal. This is the same as 
sending no parameter (RO;). 

• 90 — rotates the coordinate system 90 degrees about the 
plotter-unit coordinate origin. 

Rotations are not cumulative; you can toggle the rotate function 
on and off only. Scaling points PI and P2 rotate with the coor¬ 
dinate system. However, they maintain the same X,Y coordinate 
values as before the rotation. This means that PI and P2 can be 
located outside of the hard-clip limits. Follow RO90; with IP; to 
relocate points Pi and P2 within the hard-clip limits. 

Note that the physical location of the pen does not change when 
you rotate the coordinate system. Instead, the plotter updates the 
pen’s X,Y coordinate location to reflect the new orientation. 
Obtain the coordinates of the new pen location by executing an 
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OA (Output Actual Pen Location) or OC (Output Commanded 
Pen Location) instruction after the rotation (refer to Chapter 11). 

The RO instruction remains in effect until the rotation is changed 
by another RO instruction, a front-panel reset, or you turn the 
plotter off and on. 

EXAMPLE: The following illustration shows the default orienta¬ 
tion on D-size paper and the result of rotating the orientation 
( RO90 ;) without relocating PI and P2. 



The next illustration shows the locations of PI and P2 when you 
follow the rotation with the IP instruction. 
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ROW; IP; 


ERRORS: 


Condition 

Error 

Plotter Response 

more than 1 parameter 

2 

uses first parameter only 

parameter out of range 

3 

ignores instruction 

ROW; after plot is 
already rotated 90 degrees 

none 

ignores instruction 
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CHAPTER 


Obtaining Information 
from the Plotter 



Output instructions send information from the plotter to your 
computer. This chapter discusses how to obtain plotter informa¬ 
tion concerning the following features. 

• pen location and position 

• plotter ID and features 

• HP-GL errors 

This chapter also includes a summary of output responses 
generated by the HP-GL output instructions, and a description of 
HP-IB serial and parallel polling. Refer also to Chapters 10 and 
12 for descriptions of additional output instructions. 

Notes for Obtaining Plotter Output 

When the plotter receives an output instruction, it responds by 
making the information available in the form of an output re¬ 
sponse. If you want to retrieve this information, your computer 
must read the output response. 

Most computers use an input statement such as ENTER, 
INPUT#, READ, or READLN to read the output response. When 
you read the output response, be sure to specify the correct number 
and type of variable(s) the computer will require to store the 
output response. For example, many computers require that a 
character string variable be in the form A$, while numeric 
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variables will be in the form A. The examples in this chapter use 
these conventions. 

Refer to your computer documentation for the correct input state¬ 
ment to use and the correct format for numeric and character 
string variables. 

When an output response includes more than one piece of infor¬ 
mation, read each piece of information whether or not you need 
it. This ensures that the response is cleared from the I/O buffer. 
Read each piece of information into a separate variable. For 
example, the 00 (Output Options) instruction outputs eight 
integers; your input statement might resemble the following: 


INPUT ttl.fi,B,C,D,E,F,G,H 

Hints for the HP-IB Configuration 

When using an HP-IB configuration, the response to an output 
instruction is sent after the output instruction is completely proc¬ 
essed and the I/O buffer is completely empty. For example, the 
following sends the OE (Output Error) instruction and then other 
HP-GL instructions before reading the output response. 

“ OE;PM®;C1500;PM2;FP; ” 

In this example, the plotter does not respond to the output in¬ 
struction (OE) until the circle is completely filled. 

If you are sending device-control instructions along with HP-GL 
output instructions, note that you can get an overwrite error if 
the outputs from both are simultaneous. Generally, you can 
prevent this by reading the output response for each output in¬ 
struction or device-control instruction immediately, before send¬ 
ing any other instructions. 

The plotter signals the end of its output response with the output 
response terminator, noted in this manual by [TERM]. For HP-IB 
users, the output response terminator is a carriage return followed 
by a line feed (CR LF). 
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NOTE: Be sure the plotter’s HP-IB address is not set to LISTEN 
ONLY. Otherwise, the plotter will not send an output response 
and your program may halt. Refer to Chapter 13 in this manual 
and Appendix A in your User’s Guide for more information 
regarding HP-IB addressing. ■ 

Hints for the RS-232-C Configuration 

The plotter outputs information according to the handshake 
protocol established by the ESC . P, ESC. M, and ESC. N in¬ 
structions. Use these instructions to specify turnaround delays 
and intercharacter delays as necessary to prepare your computer 
to receive the output response. Your computer documentation 
should specify whether or not such delays are required. 

The plotter signals the end of its output response with an output 
response terminator, noted in the manual by [TERM]. When 
using the RS-232-C interface, the default output response termi¬ 
nator is a carriage return (CR). 

Using Output Instructions 

Use the following procedures for sending output instructions. 

1. Send the output instruction to the plotter as you do other 
HP-GL instructions. Note that none of the output instructions 
use parameters. 

2. Read the plotter’s output response immediately using an input 
statement appropriate to your language, keeping in mind the 
number and type of variable(s). 

Don’t send multiple output instructions and then try to read the 
responses sequentially. This often leads to intermittent timing 
problems that are dependent on what the computer and plotter 
are currently doing. 

Identifying the Pen Location and Position 

Two output instructions help you determine the current pen loca¬ 
tion and up/down position: the OA (Output Actual Pen Status) 
instruction and the OC (Output Commanded Pen Status) 
instruction. 


Obtaining Information from the Plotter 11-3 


11. Obtaining Output 



11. Obtaining Output 


Use the OA instruction to determine the pen’s current location 
and position in plotter units. Use the OC instruction to determine 
the pen’s commanded location and position in current units. (This 
is especially useful if you have been making relative moves and 
want to know your current absolute location.) 

Identifying the Plotter and Its Functions 

When you have more than one peripheral (such as plotters and 
printers) simultaneously connected to your computer, it may be 
necessary to have the plotter output its identification so that you 
know it is on-line. The 01 (Output Identification) instruction out¬ 
puts the plotter ID to the computer. The 00 (Output Options) 
instruction outputs the capabilities of the plotter. 

Obtaining Error Information 

Two HP-GL instructions are useful for error retrieval; these are 
the OE (Output Error) instruction and the IM (Input Mask) 
instruction. 

The OE instruction outputs the error number that corresponds to 
the first HP-GL error the plotter receives. Use this instruction to 
identify errors by number when debugging a program. The first 
parameter of the IM instruction controls what errors are noted 
by the plotter. Only those errors included in the error-mask (E- 
mask) parameter are output in response to the OE instruction. In 
addition, these are the only errors that cause the front-panel view 
light to flash and set the error bit of the status byte and response 
to the OS (Output Status) instruction. (Status byte information 
follows this section.) Use the E-mask parameter of IM when you 
want the plotter to be selective about the errors it reports. 

You can also control which errors generate an HP-IB service 
request with serial polling using the S-mask (service mask) 
parameter of the IM instruction. For example, if you want the 
errors included in the E-mask to generate a service request, you 
must also set the error bit of the S-mask. 

The same is true to generate a positive response to a parallel poll 
using the P-mask (parallel poll mask). If you want the errors 
included in the E-mask to generate a positive response to a par¬ 
allel poll, you must also set the error bit of the P-mask. 
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Both the S-mask and P-mask parameters of the IM instruction 
are valid in an HP-IB configuration only. 

NOTE: The IM instruction is not an output instruction, it only 
defines the errors output by the OE instruction and errors which 
cause the error bit of the status byte (and OS response) to be set. 
If the HP-IB interface is active, IM also determines the plotter 
conditions that generate a service request message. ■ 

Obtaining Status Byte Information 

The eight-bit status byte stores information about plotter operat¬ 
ing conditions. You can use the OS (Output Status) instruction to 
learn the status of the plotter’s current operating conditions. 
Each condition is assigned a bit number (from 0 to 7) and a 
corresponding decimal value. (The conditions, bit numbers, and 
corresponding decimal values are shown in the description for 
the OS instruction.) 

Only the E-mask parameter has any effect on the status byte. 
Since the E-mask parameter determines which errors are recog¬ 
nized by the plotter, only those errors can set the error bit of the 
status byte. The S-mask determines which status conditions will 
generate a service request. The P-mask determines which status 
conditions will generate a positive response to a parallel poll. 
The S-mask and P-mask have no effect on the status byte. 

You can obtain the value of the status byte by reading the re¬ 
sponse to the OS instruction or executing an HP-IB serial poll of 
the plotter. 

Summary of Output Responses 

The following table summarizes the output responses generated 
by HP-GL output instructions. Use this table when programming 
in languages that require you to specify the variable type and 
maximum number of digits to be stored as variables (as in 
FORTRAN). 

Note in the following table that numeric ranges do not include 
the sign of the response. For example, if a five-digit response is a 
negative value, a minus sign precedes the five digits. The minus 
sign does not replace a digit. 
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Output Responses Types 


Instruction 

Parameters 

Returned* 

Type and Range 

OA 

X,Y 

P 

Integer, ^ 5 digits (plotter units) 
Integer, 1 digit 

OC 

X,Y 

P 

User units: real number, ^ 11 digits 
(including sign and decimal point) 
Plotter units: integers, ^ 5 digits 
Integer, 1 digit 

OD 

X,Y 

P 

Integer, ^ 5 digits (plotter units) 
Integer, 1 digit 

OE 

Error 

number 

Integer, 1 digit 

OF 

X,Y 

Integer, 2 digits (plotter units/mm) 

OH 

Xll» Yll, 

Xur, Y ur 

Integer, ^ 5 digits (plotter units) 

01 

Model 

number 

5-character string 

00 

Options 

8 one-digit integers 

OP 

Plx, Plv, 

P2 X , P2 Y 

Integer, 5 digits 

OS 

Status 

Integer, < 3 digits 

OT 

Type 

Map 

Integer, 1 digit 

Integer, < 3 digits 

OW 

Xll, Yll, 

Xur. Yur 

Integer, < 5 digits (plotter units) 


*In addition to these parameters, the output terminator [TERM] is always sent 
at the end of output, and commas are sent to separate parameters. 


Polling 

Serial and parallel polling are the processes used by the computer 
to determine what device (such as a plotter or printer) on the 
HP-IB bus has initiated a service request. The conditions that 
initiate a service request are defined by the parameters of the IM 
instruction. 
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Refer to your computer documentation to determine if your sys¬ 
tem can conduct a serial and/or parallel poll. If so, identify the 
necessary enable/disable commands, then read the following sec¬ 
tions describing serial and parallel polling. 

Serial Polling 

A serial poll enables the computer to learn the status or condition 
of devices on the HP-IB bus. It is commonly used to determine 
which device requires service. The serial poll is so named because 
the computer polls the devices one at a time rather than all at 
once. The plotter responds to a serial poll by sending the current 
decimal value of the status byte conditions. 

NOTE: The default S-mask parameter of the IM instruction is 0, 
which will not send a service request. Refer to the IM instruction 
for setting the S-mask parameter. ■ 

The plotter will send a service request to the computer whenever 
any of the S-mask conditions are true. Each service request must 
be followed by a serial poll. Use an interrupt routine to halt the 
program when a service request is received. Then, send a serial 
poll to determine the device on the bus requiring service. Sending 
the serial poll clears bit 6 of the serial poll status byte. A service 
request won’t be sent again until bit 6 of the serial poll status 
byte has been cleared (set to a logical “0”), and some S-mask 
condition occurs again. 

A computer must issue special commands to begin and end a 
serial poll. During a serial poll, the plotter must be instructed to 
talk and the computer to listen. Therefore, you can’t execute a 
serial poll with your plotter in listen-only mode. 

Parallel Polling 

The parallel poll is the fastest way to determine which device 
requires service, since all devices are polled at once. Each device 
responds with only one bit of status information, but if that 
information is affirmative, a serial poll can then be conducted to 
obtain the device’s specific status. 

Use the P-mask parameter of the IM instruction to specify which 
conditions, when true, will cause the plotter to respond positively 
to a parallel poll. After receiving a positive response, use the OS 
instruction to obtain specific status information. 
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NOTE: The default P-mask parameter of the IM instruction is 0, 
which will not respond positively to a parallel poll. Refer to the 
IM instruction for setting the P-mask parameter. ■ 

If the plotter’s address is 0 through 7, refer to the following table 
to see which HP-IB data line will be used for responding to a 
parallel poll. If the plotter’s address is greater than 7, your com¬ 
puter must tell the plotter which line to use for responding. 


Address 

Parallel Poll Bit 

HP-IB Data 

Line Number 

Position 

Value 

0 

7 

128 

8 

1 

6 

64 

7 

2 

5 

32 

6 

3 

4 

16 

5 

4 

3 

8 

4 

5 

2 

4 

3 

6 

1 

2 

2 

7 

0 

1 

1 


IM, Input Mask 

USE: Controls which HP-GL errors are reported. If you are using 
an HP-IB interface, you can also use IM to control the conditions 
that cause an HP-IB service request or a positive response to a 
parallel poll. 

SYNTAX: IM E-mask value(,S-mask value(,P-mask value )); or 

IM; 
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Parameter 

Format 

Range 

Default 

E-mask value 

integer 

0 to 255 

223 

S-mask value 

integer 

0 to 255 

0 

P-mask value 

integer 

0 to 255 

0 


REMARKS: The parameters of the IM instruction determine the 
HP-GL errors the plotter will recognize, the status byte conditions 
that generate a service request, and the status byte conditions 
that generate a positive response to a parallel poll, respectively. 

Initializing the plotter or sending an IM instruction without 
parameters sets all parameters to their default values. 

If you are using an RS-232-C interface, only the E-mask param¬ 
eter is valid; the plotter will ignore the S- and P-mask parameters, 
if present. If you are using an HP-IB interface, you can use all 
three parameters. 

• E-mask — allows the reporting of HP-GL errors. Without the 
E-mask value, no errors are reported. Look up the error(s) you 
want to report in the table on the following page. Then use the 
decimal value of the associated bit as the E-mask parameter 
value. To report more than one error, add the decimal values 
of those errors and use the sum as the parameter. For ex¬ 
ample, to report errors 3 and 5, you would use the sum of their 
bit decimal values (4 + 16 = 20) as the E-mask parameter (i.e., 
IM20;). 

The default value of 233 causes the plotter to recognize errors 
1,2, 3, 5, and 7. By default, position overflow is not reported. 

When an HP-GL error occurs, the error number is compared 
with the E-mask bits specified. If the two match, the error bit 
(bit 5) of the status byte is set, and the error light will display 
on the front panel. Use the output error instruction, OE (de¬ 
scribed later in this chapter) to output the exact error number 
to your computer. 
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E-Mask Bits 


Error 

Number 

Meaning 

Bit 

Number 

Decimal 

Value 

1 

Instruction not recognized 

0 

1 

2 

Wrong number of parameters 

1 

2 

3 

Parameter out of range 

2 

4 

4 

Not used 

3 

8 

5 

Unknown character set 

4 

16 

6 

Position overflow 

5 

32 

7 

Polygon buffer overflow 

6 

64 

8 

Not used 

7 

128 


• S-mask — allows the plotter to send an HP-IB service request 
to the computer. Look up the conditions that you want to 
generate a request in the table on the following page. Then use 
the decimal value of the associated status bit as the S-mask 
parameter value. To specify more than one condition, add the 
decimal values of those conditions and use the sum as the 
parameter. For example, to have pen down and digitized point 
available generate a service request, you would use the sum of 
their bit decimal values (1 + 4 = 5) as the S-mask parameter 
(i.e., IM20,5;). 

When one of the conditions occurs, a bit of the status byte 
changes value. The status byte is then compared bit by bit 
with the S-mask to determine if the service request is to be 
sent, and if bit 6 of the status byte is to be set. You must do a 
serial poll to clear bit 6 of the status byte. It is not set again 
until one of the conditions specified by the S-mask value occurs. 

NOTE: The S-mask parameter is valid only in an HP-IB 
configuration. ■ 
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S-Mask Bits 


Status Bit 
Number 

Meaning 

Decimal 

Value 

0 

Pen down 

1 

1 

PI or P2 changed 

2 

2 

Digitized point available 

4 

3 

Initialized 

8 

4 

Ready for data (buffer empty) 

16 

5 

Error bit of status byte set* 

32 

6 

Not used 

64 

7 

Not used 

128 


*The E-mask controls which errors set the error bit of the status byte. 


• P-mask — specifies which conditions will generate a positive 
response to an HP-IB parallel poll. Look up the conditions in 
the following table. Then use the decimal value of the asso¬ 
ciated status bit as the P-mask parameter value. To specify 
more than one condition, add the decimal values of those 
errors and use the sum as the parameter. For example, to 
have pen down and ready for data generate a positive re¬ 
sponse to a parallel poll, use the sum (1 + 16 = 17) as the 
parameter (i.e., IM20,5,17 ;). 

Note that specifying a P-mask does not cause either a service 
request message to be sent or the service request bit (bit 6) of 
the status byte to be set. These occur based on the conditions 
set by the S-mask value. 


P-Mask Bits 


Status Bit 
Number 

Meaning 

Decimal 

Value 


Pen down 

1 

1 

Pi or P2 changed 

2 

2 

Digitized point available 

4 

3 

Initialized 

8 

4 

Ready for data (buffer empty) 

16 

5 

Error bit of status byte set* 

32 

6 

Not used 

64 

7 

Not used 

128 


*The E-mask controls which errors set the error bit of the status byte. 
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RELATED 

INSTRUCTIONS: 


OE, Output Error 

OS, Output Status 

Serial and Parallel Polling 


ERRORS: 


Condition 

Error 

Plotter Response 

more than 3 parameters 

2 

uses first 3 parameters 

number out of range 

3 

ignores instruction 


OA, Output Actual Pen Status 

USE: Outputs the current pen location and up/down position. 
You can use this information to position a label or figure, to 
determine the parameters of some desired window, or to deter¬ 
mine the pen’s current location if it has been moved using front- 
panel cursor buttons. 

NOTE: When in digitize mode, use the OD (Output Digitized 
Point) to determine the above information. Refer to Chapter 12. ■ 

SYNTAX: OA; 

RESPONSE: X,Y,pen status [TERM] 

REMARKS: The pen location and up/down position are output 
to the computer as integers, separated by commas. The X,Y coor¬ 
dinates are always output in plotter units, regardless of whether 
scaling is on or off. The plotter outputs a minus sign (—) for 
negative numbers; positive signs (+) are suppressed. The pen 
position is either 0 (up) or 1 (down). 

Only use the OA instruction when pen sorting is off. Because pen 
sorting can change the order in which vectors are drawn, the 
plotter may not execute the OA instruction at the desired location. 
You could get unexpected results if you are basing subsequent 
plotting on these coordinates. 

EXAMPLE: The following outputs the X,Y coordinates and the 
pen position, which are read by the computer and printed on the 
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screen. Note that your computer system may require different 
BASIC statements than those presented here (refer to Chapter 1, 
Programming Concepts for more information). 


10 ’Insert configuration statement here 
20 PRINT 81, “IN;Oh: ” 

30 INPUT 81,X,Y,P 
40 PRINT X,Y,P 
50 END 



If your current pen location was 10515, —7576 (in plotter units) 
and the pen was in the down position, the plotter would send the 
following information to the computer. 

10 515 -7576 1 [TERM] 

NOTE: The word [TERM] indicates only that the plotter sends 
the output terminator; “[TERM]” will not display on your 
terminal. ■ 

RELATED 

INSTRUCTIONS: OC, Output Commanded Pen Status 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 


OC, Output Commanded Pen Status 

USE: Outputs the location (X,Y coordinates) and up/down posi¬ 
tion of the last commanded pen move. Use this instruction to 
position a label or determine the parameters of an instruction 
that tried to move the pen beyond the limits of some window. You 
can also use this instruction when you want to know the pen’s 
location in user units. 

SYNTAX: OC; 

RESPONSE: X,Y,pen status [TERM] 
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REMARKS: When scaling is off, the X,Y coordinates are in 
plotter units; integers. When scaling is on, coordinates are 
interpreted as user units; real numbers with up to four decimal 
digits (e.g., 1.1234). The plotter outputs a minus sign (—) for nega¬ 
tive numbers; positive signs (+) are suppressed. The pen position 
is either 0 (up) or 1 (down). 

Note that any pen motion caused by the front-panel CURSOR 
CONTROL buttons causes OC to output the current pen location 
rather than the last commanded location. 

EXAMPLE: The OC instruction is similar to the OA, Output 
Actual Status, instruction. Refer to the OA, Output Actual Status, 
instruction example, changing the OA to OC. 

RELATED 

INSTRUCTIONS: OA, Output Actual Status 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 


OE, Output Error 

USE: Outputs a number corresponding to the type of HP-GL 
error (if any) received by the plotter after the most recent IN 
instruction, front-panel reset, or OE instruction. Use this instruc¬ 
tion for debugging programs. 

SYNTAX: OE; 

RESPONSE: error number [TERM] 

REMARKS: The OE instruction outputs an integer (within the 
range 0 to 8) corresponding to first HP-GL error (if any) that 
occurred. The plotter outputs only the first error. If you suspect 
more than 1 error, place the instruction in as many locations in 
you program as necessary. The following table defines the error 
numbers. 
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HP-GL Error 
Number 

Meaning 

0 

No error 

1 

Instruction not recognized 

2 

Wrong number of parameters 

3 

Out of range parameter, or illegal character 

4 

Not used 

5 

Unknown character set 

6 

Position overflow (not reported with default 
E-mask value) 

7 

Buffer overflow for polygons 

8 

Not used 


Executing an OE instruction clears bit position 5 of the status 
byte (if previously set) and the front-panel error light (if lit) is 
turned off (unless there is an I/O error which has not been cleared 
by an ESC. E instruction). 

EXAM PLE: In the following program, line 20 contains two errors. 

10 ’Insert configuration statement here 
20 PRINT HI, “IN;SPl;Pfll000,1000,20;ED:OE; ” 

30 INPUT HI,A 
40 PRINT A 
50 END 


20 PRINT HI, “ IN;3P1;PA1000,1000,20;ED;OE; ” 


first error (wrong number of parameters) 



second error (instruction not recognized) 


Plotter response: 2 [TERM] 

By referring to the table, we know that error 2 indicates the 
wrong number of parameters. Once the first error is corrected, 
run the program again to find the other HP-GL error. 
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Note that your computer system may require different BASIC 
statements than those presented here (refer to Chapter 1, Pro¬ 
gramming Concepts for more information). 

RELATED 

INSTRUCTION: IM, Input Mask 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 


OF, Output Factors 

USE: Outputs the number of plotter units per millimetre in each 
axis. This instruction lets you use the plotter with software that 
needs to know the size of a plotter unit. 

SYNTAX: OF; 

RESPONSE: 40,40 [TERM] 

REMARKS: The plotter response indicates there are 40 plotter 
units per millimetre each in the X- and Y-axes (0.025 mm per 
plotter unit). 

ERROR- 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 


01, Output Identification 

USE: Outputs the plotter’s identifying model number. This 
information is useful in a remote operating configuration (where 
several plotters are connected to the computer) to determine 
which plotter model is on-line, or when you are writing a program 
that can run on more than one plotter model. 
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SYNTAX: 01; 

RESPONSE: 7570A [TERM] 

REMARKS: The plotter always outputs its model number and 
letter as a 5-character string. 

EXAMPLE: The following program outputs the plotter identi¬ 
fication. 


10 ’ Insert configuration statement here 

20 PRINT ttl, “ IN;OI; ” 

30 INPUT 
40 PRINT fi$ 

50 END 

Note that your computer system may require different BASIC 
statements than those presented here (refer to Chapter 1, Pro¬ 
gramming Concepts for more information). 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameter(s) 


00, Output Options 

USE: Outputs eight option parameters indicating the features 
implemented on the plotter. Some software packages use this 
feature to determine which plotter capabilities exist. 

SYNTAX: 00; 

RESPONSE: n,n,n,n,n,n,n,n [TERM] 

REMARKS: The plotter outputs eight ASCII integers as follows, 
all separated by commas. A zero indicates that the particular 
plotter function is not supported. 
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C , 

t 


1 , 0,0 

l 


,1,0,1 [TERM] 

^Indicates plotter has configurable 
buffers 

L Indicates plotter has polygon fill capability 

L Indicates plotter has arc and circle 
instructions 


L Indicates plotter has pen select capability 

L Indicates status of plotter paper check bit 

C takes on a value of either 0 or 2. When paper is loaded and 
unmarked, the value is 0. After plotting on the paper, the value 
will be 2. The value is set to zero when you load new paper. It 
cannot be cleared by the IN or DF instructions, or by a front- 
panel reset. 


EXAMPLE: The following outputs the options of your plotter as 
described above. 

10 ’Insert configuration statement here 
20 PRINT 81, “IN;00;” 

30 INPUT ttl,fl,B,C,D,E,F,G,H 
40 PRINT ft,B,C,D,E,F,G,H 
50 END 

Note that your computer system may require different BASIC 
statements than those presented here (refer to Chapter 1, Pro¬ 
gramming Concepts for more information). 


ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 
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OS, Output Status 

USE: Outputs the decimal value of the status byte. Use this 
instruction in debugging operations and in digitizing applications. 

SYNTAX: OS; 

RESPONSE: status number [TERM] 

REMARKS: On execution of the OS instruction, the internal 8- 
bit status byte is converted to an ASCII integer between 0 and 
255 and output to your computer. Instruct your computer to read 
the output response then refer to the table below and find the 
largest decimal value that can be subtracted from the output 
response. The condition corresponding to the decimal value has 
been met. 

Continue subtracting the largest possible decimal value from the 
remainder of the output response. Each time you subtract a 
decimal value, the corresponding condition has been met. Con¬ 
tinue this process until the remainder is zero. 


Decimal 

Value 

Meaning 

Bit 

Number 

1 

Pen down 

0 

2 

PI or P2 newly established; cleared by OP 

1 

4 

Digitized point available; cleared by OD 

2 

8 

Initialized; cleared by OS 

3 

16 

Ready for data (buffer empty) 

4 

32 

Error; cleared by OE 

5 

64 

Request service (always 0 for OS; 0 or 1 
for HP-IB serial poll) 

6 

128 

Not used (always set to “0”) 

7 


On power-up, the status byte is 26, the sum of 16 (ready for data), 
8 (initialized), and 2 (P1/P2 newly established). On execution of 
OS, bit position 3 is cleared and the status byte is 18. 
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If the output response is 1, the largest decimal value that can be 
subtracted is 1. This means the corresponding condition (pen 
down) has been met. 

EXAMPLE: The following outputs the numeric representation of 
the status byte. Note that your computer system may require 
different BASIC statements than those presented here (refer to 
Chapter 1, Programming Concepts for more information). 

10 7 Insert configuration statement here 

20 PRINT 81, “IN;05; 77 
30 INPUT 81,5 
40 PRINT 5 
50 END 

RELATED 

INSTRUCTIONS: IM, Input Mask 

OD, Output Digitized Point 

OE, Output Error 
OP, Output Pi and P2 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 


OT, Output Carousel Type 

USE: Increases compatibility with other plotters. This plotter 
cannot distinguish what type of pen carousel is present. 

SYNTAX: OT; 

RESPONSE: -1,255 [TERM] 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameter(s) 
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Digitizing 


CHAPTER 



You can use your plotter to digitize as well as plot graphics. 
Digitizing means moving the pen or digitizing sight to a point on 
the plotting surface, entering the point, and sending the X,Y 
coordinates of that point to the computer. This chapter discusses 
the HP-GL instructions used in digitizing, along with the methods 
and procedures for digitizing and verifying the entry of a point. 

You must already be familiar with how your computer reads 
information from plotter. If not, refer to Chapter 11, Obtaining 
Information From the Plotter. 

NOTE: The HP 150 Touchscreen does not support the ability to 
read data (such as digitized points) from the plotter when in an 
HP-IB configuration. Some computers (such as HP Series 80 com¬ 
puters) require an I/O ROM to obtain digitized points. Other 
computers using the HP-IB interface cannot digitize while the 
plotter is in listen-only mode. In listen-only mode, the plotter 
cannot send the coordinates of a digitized point to the computer. ■ 

Using Digitizing Instructions 

The HP-GL digitizing instructions, in the order used, are: 

• DP, Digitize Point 

• OD, Output Digitize Point 

• DC, Digitize Clear 
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Use DP (Digitize Point) to enter digitize mode. After entering the 
point, use OD (Output Digitized Point) to output the X,Y coor¬ 
dinates of the point and the pen status (up/down). The DC (Digi¬ 
tize Clear) instruction clears and exits the digitize mode. 

Preparing Your Plotter for Use as a 
Digitizer 

Although you can use a pen for digitizing, we recommend you 
use a digitizing sight, which is available as an accessory (Part 
No. 07585-60191). Load the sight into the pen holder just as you 
would load a pen (refer to the User’s Guide for more information). 
Digitize with the sight in the pen down position for the highest 
accuracy. 

NOTE: To avoid smearing ink on the tip of the digitizing sight or 
possibly damaging the sight, do not load the digitizing sight 
directly into the pen carousel. ■ 

Digitizing with the Plotter 

Familiarize yourself with the digitizing instructions later in this 
chapter before reviewing the digitizing methods here. When digi¬ 
tizing, you must make sure that a point has been entered before 
attempting to retrieve that point. The following paragraphs show 
you three methods for digitizing and retrieving points. 

Manual Digitizing 

The manual method is the easiest digitizing method to under¬ 
stand. It is not efficient, however, when you want to enter many 
points, or where human intervention during program execution 
is not possible. The following steps detail a typical program using 
the manual method. 

1. Put the plotter in digitizing mode by sending a DP instruction 
to the plotter. 

2. Have the program display or print a message on the computer 
screen prompting you to enter a point. 
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3. Cause the program to pause until instructed to continue. Using 
the BASIC INPUT statement and entering an empty string 
when you are ready to continue will work on some systems. 
Some versions of BASIC use statements such as STOP, WAIT, 
or PAUSE. 

4. Move the digitizing sight (or pen) to the desired point using 
the front-panel CURSOR control buttons. Complete final posi¬ 
tioning with the sight (or pen) down. Press the enter button 
on the plotter’s front panel. 

5. Cause the program to resume. The way you resume program 
execution depends on the statement you used to halt the 
program. If you use an INPUT statement in step 3, press the 
RETURN key on the computer. 

6. Output the digitized information to the computer using the 
OD (Output Digitized Point) instruction. Have your computer 
read the information (the X,Y coordinates and the pen status). 
Then take the necessary steps to process the digitized data. 

Using this method, you do not need to monitor the status byte 
because the program does not proceed to the OD (Output Digitized 
Point) instruction until you enter a point and cause the program 
to resume. 

Example — Digitizing Using the Manual Method 

The following program digitizes a single point and displays the 
coordinates and pen status. 

NOTE: Your computer may read input from the plotter differently 
than shown here. Refer to your computer documentation. ■ 


10 ’Insert configuration statement here 
20 PRINT HI, “DP; ” 

30 PRINT “Press the plotter’s ENTER button to digitize 
your point. ” 

40 PRINT:PRINT “Press your computer’s RETURN key to 
continue. ” 

50 INPUT N$ 

60 PRINT til, “OD;” 

70 INPUT 81,X,Y,P 
80 PRINT X,Y,P 
80 END 
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Monitoring the Status Byte 

The second digitizing method monitors bit position 2 of the 
plotter’s status byte, which is set when a digitized point is avail¬ 
able. Refer to the OS, Output Status instruction description, in 
Chapter 11 for more information. 

There are a variety of ways to monitor bit position 2, depending 
on the instructions available in the computer you are using. If 
there are instructions in your programming language to check 
bits directly, the third least significant bit (lsb) should be checked 
for the occurrence of a 1. If no bit operations are available, the 
status byte can be operated on arithmetically to check for the 
availability of a digitized point. Executing successive divisions 
by a power of two and checking the answer for an odd or even 
integer is a common way of monitoring bits without converting 
the number to binary form. The following steps detail a program 
using this method. 

1. Send a DP instruction to the plotter. 

2. Have the program display or print a message on the computer 
screen prompting you to enter a point. 

3. Send an OS instruction followed by a loop dividing the status 
value and checking for a final odd or even integer. 

When you press the enter button on the front panel, the X,Y 
coordinates and the pen status is stored and bit position 2 is 
set. The status value increments by the value of bit 2; your 
division yields the odd integer allowing the program to 
continue. 

4. Send an OD instruction. Read and display the X,Y coordinates 
and pen status. Then take the necessary steps to process the 
digitized data. 

Example — Digitizing by Monitoring the Status Byte 

The following sequence of BASIC instructions checks the proper 
bit of the status byte. In line 60, use your computer’s BASIC read 
statement to read the status byte into a variable called STATUS. 
In lines 70 and 80 you must use an integer statement (e.g., INT) 
that truncates, not rounds. 
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10 ’Insert configuration statement here 
20 PRINT 81, “DP;” 

30 PRINT “Press the plotter’s ENTER button to 
digitize you r po i n t. ” 

40 PRINT 81, “03;” 

50 INPUT 81, STATUS 
60 STATUS = :: NT (STATUS/4) 

70 IF STATUS = INT(STATUS/2)^2 THEN 4© 

80 PRINT 81, “OD;” 

90 INPUT 81,X,Y,P 
100 PRINT X,Y,P 
110 END 

Note that your computer system may require different BASIC 
statements than those presented here (refer to Chapter 1 and to 
your computer documentation). 

Example — Digitizing Many Points 

In many applications, you may need to digitize a large number 
of points. When the computer is used to monitor bit position 2, 
the data points may or may not be processed immediately. 
Generally, you need to allocate space for the total number of 
points to be digitized. Then, you can establish a loop to process 
the total number of points, calling a subroutine each time to 
check that a point has been entered. 

A complete program example follows. When prompted to enter a 
point, use the cursor keys to move the digitizing sight to the 
desired location. Then press the enter button on the plotter. Con¬ 
tinue for all 25 points. After all 25 points are entered, their coor¬ 
dinates will display on the computer’s screen. 

10 ’Insert configuration statement here 
20 DIM Xf 25),V(25),P(25) 

30 FOR C = 1 TO 25 

40 PRINT 81, “DP;” 

50 PRINT “Enter point ”;C 

60 GO SUB 140 

70 PRINT 81, “OD;” 

80 INPUT 81, X(C), Y(C),P(C) 
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90 

NEXT C 


100 

FDR C = 1 TO 25 

110 

PRINT X 

(Cl ,Y(C) ,F'(C) 

120 

NEXT C 


130 

END 


140 

‘Check bi 

t 2 for digit! 

150 

PRINT 81, 

“OS; ” 

160 

INPUT 81, 

STATUS 

170 

STATUS = 

I NT (STATUS^) 

180 

IF STATUS 

= INT(STATUS 

130 

RETURN 



HP-IB Interrupts and Polling 

This third digitizing method is for advanced programmers, who 
are thoroughly familiar with the HP-IB interface, polling tech¬ 
niques, and interrupts. Use this technique if your computer can 
perform useful tasks while waiting for the digitized point to be 
entered. 

This method involves setting a value of 4 in the S-mask of the IM 
(Input Mask) instruction to cause the plotter to generate a service 
request when a digitized point is available. With an interrupt 
routine enabled for service requests, the computer can send a DP 
(Digitize Point) instruction to initiate digitizing, and then proceed 
with some other task until the digitized point is entered. When 
the point is available, the computer is interrupted by the service 
request, and program execution branches to the routine to process 
the digitized data. 

This routine could send an OD (Output Digitized Point) instruc¬ 
tion and read the digitized point, or it could perform bit checking 
of the plotter status byte if multiple S-mask values have been 
specified to generate the service request. The status byte can be 
obtained by serial polling or by sending an OS (Output Status) 
instruction. Because interrupts and polling are machine- 
dependent, no examples are given. For information regarding 
interfacing and handshaking, refer to Chapter 14. 
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DC, Digitize Clear 

USE: Terminates digitize mode. For example, if you are using 
an interrupt routine in a digitizing program to branch to another 
plotting function, use DC to clear the digitize mode immediately 
after branching. 

SYNTAX: DC; 

REMARKS: When the plotter receives the DC instruction, it ter¬ 
minates digitize mode and reactivates automatic pen lift. 

RELATED 

INSTRUCTIONS: DP, Digitize Point 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 


DP, Digitize Point 

USE: Places the plotter in digitize mode turning on the front- 
panel enter light. Use the OD instruction to input the coordinates 
of a point on a plot. 

SYNTAX: DP; 

REMARKS: This instruction suppresses automatic pen storage 
and lift as set by the AP instruction. That is, you have full control 
of the pen holder while the plotter is in digitize mode. 

Use the front-panel cursor control buttons to move the digi¬ 
tizing sight to the desired location, lower the sight, then press the 
front-panel enter button. Pressing enter sets bit position 2 of the 
status byte, indicating a digitized point is available for output. 
Use the OD instruction to retrieve the X,Y coordinates of the 
point and the pen up/down position. You can display them on 
the computer screen or write them to a file. 

EXAMPLE: Refer to Digitizing with the Plotter earlier in this 
chapter. 
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RELATED 

INSTRUCTIONS: DC, Digitize Clear 

OD, Output Digitized Point 
OS, Output Status 

ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 

2 

ignores parameters) 


OD, Output Digitized Point and Pen 
Status 

USE: Outputs the X,Y coordinates and up/down pen position 
associated with the last digitized point. Use this instruction after 
the DP instruction to return the coordinates of the digitized point 
to your computer. 

SYNTAX: OD; 

RESPONSE: X,Y,pen status [TERM] 

REMARKS: The ranges of the X,Y coordinates are the hard-clip 
limits of the plotter. The pen position is either 0 (up) or 1 (down). 

After sending the OD instruction, have your program read the 
plotter’s output response. The timing of output depends on the 
interface you are using (RS-232-C or HP-IB). 

Executing an OD instruction clears bit position 2 of the status 
byte. Refer to the OS, Output Status, instruction. 

EXAMPLE: Refer to Digitizing with the Plotter earlier in this 
chapter. 

RELATED 

INSTRUCTIONS: DC, Digitize Clear 
DP, Digitize Point 
OS, Output Status 
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ERROR: 


Condition 

Error 

Plotter Response 

1 or more parameters 



ignores parameter^) 
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Device-Control Instructions 


Device-control instructions differ from HP-GL instructions in that 
they control internal plotter functions such as the configurable 
graphics memory, input/output, and data flow. This chapter dis¬ 
cusses the majority of device-control instructions implemented 
by this plotter, including syntax and conventions. All device¬ 
control instructions discussed in this chapter are valid for 
RS-232-C and HP-IB configurations except where noted. Chapter 
14 discusses the device-control instructions used in establishing 
interfacing and handshaking conditions. 

Understanding Device-Control 
Instructions 

Device-control instructions serve three basic purposes: to control 
memory allocation (buffer sizes), provide information about cer¬ 
tain internal plotter conditions, and to control data transfer 
between the computer and plotter. Device-control instructions 
differ from HP-GL instructions in the following ways. 

• Device-control instructions are not represented by mnemonics; 
they consist of the single ASCII character ESC (decimal code 
27) followed by a period (“.”) and a character that represents 
the instruction’s unique function. 

• Device-control instructions follow specific syntax conventions 
that are different from HP-GL syntax. 

• Device-control instructions don’t enter the plotter’s parser but 
are processed immediately. (HP-GL instructions enter the 
parser and are processed in the order they are received.) 
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Sending Device-Control Instructions 

The principles for sending device-control instructions to the plot¬ 
ter are the same as for HP-GL; send them as a literal string in an 
output statement such as PRINT or OUTPUT. 

Send the ESC character the same way you send other ASCII 
characters; either by using a character string function such as 
CHR$, or by producing the character directly from the keyboard. 
Send the period and the final character as a literal string. You 
may need to link the CHR$ function with the literal string using 
one of the following symbols: +, &, or ;. Use the symbol your 
system or language requires. 

The examples in this chapter and Chapter 14 use the CHR$ 
function. The following illustrates how the ESC. L instruction is 
sent using this function. 

PRINT 81, CHR$(27) + “ .!_” 

Syntax for Device-Control Instructions 

A complete device-control instruction includes the three-character 
sequence consisting of ESC and . followed by the character or 
uppercase letter indicating its function (e.g., @, A, or Z). Some 
instructions also include parameters and a terminator according 
to the following syntax conventions. 

ESC The single ASCII character, escape (decimal code 27). 

( ) All items in parentheses are optional. 

; Separates parameters. A semicolon without a param¬ 

eter sets the parameter to its default value. 

: Terminates any instruction that uses parameters, 

whether or not the parameters are used. Instructions 
that do not have parameters need no terminator. 

[TERM] The output response terminator. The default output 
response terminator when using an RS-232-C interface 
is a carriage return (CR); you can change this using the 
ESC. M instruction (described in Chapter 14). All out¬ 
put responses in an HP-IB configuration terminate 
with a carriage return and line feed (CR LF). 
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Using Device-Control Instructions 

All device-control instructions with the word “output” in their 
title cause the plotter to generate an output response. Immediately 
after sending a device-control instruction, have your computer 
read the output response into a variable. Refer to Notes for 
Obtaining Plotter Output in Chapter 11. 

Setting the Plotter to Known Conditions 

You should already be acquainted with the following methods 
for establishing known plotter conditions. 

• turn the plotter power switch on 

• reset the plotter using the front-panel buttons 

• send the DF or IN instruction to the plotter 

The first two methods require your presence at the plotter. The 
last method is not immediate; the DF and IN instructions are 
processed in the I/O buffer with other HP-GL instructions in the 
order in which they are received. The following three device¬ 
control instructions can establish specific default conditions and/ 
or immediately clear the buffers of any HP-GL instructions. 

• ESC. J, Abort Device-Control, aborts any device-control instruc¬ 
tion partially decoded or executed. 

• ESC. K, Abort Graphics, aborts any partially parsed HP-GL 
instruction and clears the buffers of all remaining HP-GL 
instructions. 

• ESC. R, Reset, resets certain I/O conditions to power-up 
default states, including clearing the buffers and setting them 
to their default size allocations. (In an RS-232-C interface, this 
instruction sets the handshake protocol to default conditions.) 

Note that you can also use the ESC. M (Output Mode) instruction 
(in an RS-232-C interface) to change the output terminator from 
its default value (carriage return). This instruction, however, is 
primarily used in establishing certain handshaking conditions 
and is discussed in detail in Chapter 14. 
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Identifying the Plotter 

When using the plotter in a remote location (in an Eavesdrop 
configuration), you may need to confirm that the plotter is con¬ 
nected to your computer, and that it is turned on. Use the ESC. A 
instruction to immediately output the plotter’s model number. 

Monitoring and Changing the Buffer Sizes 

You can use the following device-control instructions to monitor 
the sizes of the plotter’s buffers. 

• ESC. B, Output Buffer Space, outputs the number of bytes 
currently available in the logical I/O buffer. 

• ESC. L, Output Buffer Size When Empty, outputs the size of 
the logical I/O buffer when empty. 

• ESC. S, Output Configurable Memory Size, outputs the size of 
the physical I/O buffer, polygon buffer, and pen sort buffer, or 
all buffers (depending on parameters). 

You can use the following device-control instructions to change 
the size of the plotter’s buffers. 

• ESC.T, Allocate Configurable Memory, changes the size of 
the physical I/O buffer, the polygon buffer, and the pen sort 
buffer. 

• ESC. @, Set Plotter Configuration, changes the size of the 
logical I/O buffer. 

Verifying Errors or Operating Conditions 

The following device-control instructions are useful in debugging 
operations. 

• ESC. E, Output Extended Error, outputs any I/O error related 
to device-control instructions, and is used in RS-232-C block 
I/O error checking. 

• ESC. O, Output Extended Status, outputs information about 
the plotter’s current operating status. 
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• ESC.Q, Set Monitor Mode, (in Eavesdrop only) sets either 
parse or receive monitor mode so you can view program in¬ 
structions on your screen while the plotter is drawing. 

• ESC. Y or ESC. (, Programmed-On, causes the plotter to parse 
information from the computer in an Eavesdrop environment. 

• ESC. Z or ESC.), Programmed-Off, causes the plotter to pass 
data between the computer and terminal in an Eavesdrop envi¬ 
ronment. These instructions have no effect in a standalone 
environment or over HP-IB. 


ESC. A, Output Identification 

USE: Outputs the plotter’s model number. 

SYNTAX: ESC. A 

RESPONSE: model number, firmware revision level [TERM] 

REMARKS: The plotter outputs a 9-character string consisting 
of its model number (7570A) followed by a comma and the firm¬ 
ware revision number. Be sure to read the output responses appro¬ 
priately. An HP-IB interface terminates the response with a car¬ 
riage return and line feed; an RS-232-C interface with a carriage 
return, or as set by the ESC. M instruction (refer to Chapter 14). 

RELATED 

INSTRUCTION: 01, Output Identification 

ESC. B, Output Buffer Space 

USE: Outputs the plotter’s currently available logical I/O buffer 
space. 

SYNTAX: ESC.B 

RESPONSE: available logical I/O buffer space [TERM] 

REMARKS: The plotter outputs the number of unused bytes in 
the logical I/O buffer. The response can be as low as 0, especially 
if you reduce the size of the buffer (with the ESC .T or ESC. @ 
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instructions). If your program continually interrogates the plotter 
until the response indicates a specific amount of available space, 
use a pause routine to allow the plotter to execute other instruc¬ 
tions; this increases the amount of available space. 

An HP-IB interface terminates the response with a carriage 
return and line feed; an RS-232-C interface with a carriage return, 
or as set by the ESC. M instruction (refer to (Chapter 14). 

RELATED 

INSTRUCTION: ESC . L, Output Buffer Size When Empty 

ESC. E, Output Extended Error 

USE: For RS-232-C users, this instruction outputs any RS-232-C 
related I/O error. Use this instruction when debugging a program 
to determine which errors have occurred. Additionally, when used 
in conjunction with the ESC. @ instruction (refer to Chapter 14), 
you can perform block I/O error checking. 

For HP-IB users, this instruction outputs a number defining a 
device-control error and turns off the front-panel error light 
(unless an HP-GL error has also occurred). Use the instruction to 
determine what type of device-control instruction error has oc¬ 
curred (if any). 

SYNTAX: ESC.E 

RESPONSE: error number [TERM] 

REMARKS: The plotter’s response is one of the following error 
numbers. For RS-232-C users, all numbers listed are valid. For 
HP-IB users, the valid error numbers are 0 and 11 through 14. 


Error 

No. 

Meaning 

0 

No I/O error has occurred. 

10 

Output instruction received while another output in- 


struction is executing. The original instruction will 


continue normally; the second instruction received will be 


ignored. 


(Table continues) 
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Meaning 

11 

Invalid byte received after first two characters, ESC., 
in a device control ins traction. 

12 

Invalid byte received while parsing a device control 
instruction. The parameter containing the invalid byte 
and all following parameters are defaulted. 

13 

Parameter out of range. 

14 

Too many parameters received. Additional parameters 
beyond the proper number are ignored; parsing of the 
instruction ends when a colon (normal exit) or the first 
byte of another instruclion is received (abnormal exit). 

15 

A framing error, parity error, or overrun error has been 
detected. 

16 

The input buffer has overflowed. As a result, one or 
more bytes of data have been lost, and therefore, an 
HP-GL error will probably occur. 

17 

Baud rate mismatch or, full-duplex data communication 
is selected and conditions for data transmission are not 
met, i.e., cabling is configured for three-wire commu¬ 
nications. 

18 

I/O error of indeterminate cause. 


An HP-IB interface terminates the response with a carriage 
return and line feed; an RS-232-C interface with a carriage return, 
or with the character specified by the ESC.M instruction. 

RS-232-C users only: In addition to checking I/O errors, you 
can use the ESC. E instruction to start and end a data block for 
block I/O checking. If block I/O error checking has been activated 
(bit 4 of the second parameter of the ESC. @ instruction is set 
to 1), the ESC. E instruction will terminate a block. 

If there are no I/O errors (response to ESC. E is 0), the plotter 
executes the data normally. If response to ESC. E indicates an 
I/O error, the plotter discards the entire data block. You can then 
retransmit the entire block of data and prevent errors in the plot. 

RELATED 

INSTRUCTIONS: OE, Output Error 

ESC . Set Plotter Configuration 
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ESC. J, Abort Device-Control 

USE: Aborts any device-control instruction that may be par¬ 
tially decoded or executed. This instruction also aborts any plot¬ 
ting currently in progress. Use this instruction in an initialization 
sequence when you first access the plotter. 

SYNTAX: ESC.J 

REMARKS: Unspecified parameters of partial instructions are 
defaulted. All pending or partially transmitted output requests, 
from either HP-GL or device-control instructions, are immediately 
terminated, including handshake outputs. Intermediate output 
operations, such as turnaround delay and echo suppression, are 
aborted, and buffer input is enabled. Only the specified execution 
of an output operation is aborted. The handshake and output 
mode parameters remain as specified. 

RELATED 

INSTRUCTION: ESC . K, Abort Graphics 

ESC. K, Abort Graphics 

USE: Aborts any partially decoded HP-GL instruction and dis¬ 
cards remaining instructions in the I/O and pen sort buffers. 
Use this instruction as part of an initialization sequence when 
starting a new program or to terminate plotting of HP-GL in¬ 
structions in the buffer. 

SYNTAX: ESC.K 

REMARKS: This instruction allows the instruction or vector 
being executed to finish, aborts any partially decoded instruction, 
and clears the I/O and pen sort buffers of all remaining graphic 
instructions. The plotter finishes executing its current vector, but 
all remaining vectors are aborted. (This is particularly evident 
when the plotter is in the process of completing a label, arc, 
circle, polygon, or line type instruction that contains multiple 
vector moves, or if a VS instruction specified a slow velocity.) 
Any data entered since block I/O error checking was enabled 
(with ESC. @) is aborted. 
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ESC. L, Output Buffer Size When Empty 

USE: Outputs the size (in bytes) of the logical I/O buffer. Use 
this instruction to determine when the I/O buffer is empty. 

SYNTAX: ESC.L 

RESPONSE: logical I/O buffer size [TERM] 

REMARKS: The plotter outputs an ASCII integer equal to the 
number of bytes allocated to the logical I/O buffer. The response 
is not transmitted by the plotter until the buffer is empty. 

NOTE: If your plotter is in block mode, using ESC. L could dis¬ 
rupt communication. If you use ESC. L while in block mode, 
send it immediately after reading the ESC. E response. ■ 

An HP-IB interface terminates the response with a carriage 
return and line feed; an RS-232-C interface with a carriage return, 
or with the character specified by the ESC. M instruction. 

RELATED 

INSTRUCTION: ESC . B, Output Buffer Space 

ESC. O, Output Extended Status 

USE: Outputs the plotter’s extended status. Use this instruction 
to obtain information about the current operating status of the 
plotter. 

SYNTAX: ESC.O 

RESPONSE: operating status [TERM] 

REMARKS: When using with an RS-232-C interface, the instruc¬ 
tion is subject to any turnaround or intercharacter delays speci¬ 
fied by ESC. M and ESC. N. 

The operating status is the decimal equivalent of a 16-bit extended 
status word. The status word bits are defined in the table on the 
following page. 
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Bit Logic Decimal 

Position State Value 


Meaning 



‘Undefined. 


Not used. 


“Clean” paper loaded. (Reset after paper 
is sensed.) 

Current page is not clean. Set after 
executing a pen down or at power-up 
when no paper is loaded, setting bit 5. 

Not used. 

I/O and pen sort buffer not empty. 

I/O and pen sort buffers are empty and 
ready for data. 

Ready state. Processing HP-GL 
instructions. 

View state. Paper loaded but graphics 
suspended. 

Not ready. Paper not loaded, graphics 
suspended. 

Not used. 

Not used. 

EXPAND mode is off. 

EXPAND mode is on. 

Not used. 


Possible outputs and their meanings are described in the table 
on the following page. 
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Decimal Value* Output to the Computer 

□ 

□ 

8 

10 

16 

18 

□ 



□ 

□ 

42 

I/O and/or pen 
sort buffer is not 
empty 

X 

X 


1 

X 

X 

1 

1 

X 

X 



I/O and pen sort 
buffers are empty 

1 

1 

X 

X 



X 

X 

1 

1 

X 

X 

Ready state. Proc¬ 
essing HP-GL 
Instructions 

X 

X 

X 

X 


1 

1 

1 

1 

1 

1 


View state. 

Paper is loaded. 

Graphics 

suspended 




1 

X 


X 

X 

1 

1 

1 

1 

Not-ready state. 
Paper not loaded. 
Graphics 
suspended 


1 

1 

1 


1 

1 

1 

X 

X 

X 

X 

Paper marked on 


X 

_ 

X 


X 


B 


X 


X 


*Add 256 when expand switch is on. 


RELATED 

INSTRUCTION: OS, Output Status 

ESC. Q, Set Monitor Mode 

USE: Enables or disables either monitor mode 1 (parse) or mon¬ 
itor mode 2 (receive). Use this instruction as a debugging aid in 
program development. This instruction is valid only when the 
rear-panel Eavesdrop switch is on and you are using an RS-232-C 
interface (refer to the User’s Guide for more information). 

SYNTAX: ESC.Qrc: 


Parameter 

Format 

Range 

Default 

n 

integer 

0,1, or 2 

0 
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REMARKS: The plotter interprets the parameter as follows. 

• 0 or no parameter — disables selected monitor mode without 
changing selection. 

• 1 — activates monitor mode 1, parse mode. Monitor mode 1 
causes HP-GL instructions to be retransmitted to the terminal 
as they are parsed from the plotter’s buffer. The terminal dis¬ 
plays whatever the plotter is currently doing. The plotter sends 
HP-GL responses to both the terminal and the computer. 

• 2 — activates monitor mode 2, receive mode. Monitor mode 2 
causes both HP-GL and device-control instructions to be re¬ 
transmitted to the terminal as they are received by the plotter. 
The terminal displays what the plotter will be doing later 
when the received data is parsed. 

NOTE: You can also enable or disable monitor mode with bits 2 
and 3 of the ESC. @ instruction. This method is more difficult 
than using the ESC. Q instruction and is not recommended. ■ 

At power-on in Eavesdrop mode, the plotter is in the programmed- 
off state. Monitor mode is available only when the plotter is 
programmed-on; refer to ESC. Y or ESC. (later in this chapter. 
When the plotter is programmed-off, data is transferred between 
the computer and terminal in a transparent manner. 

While in monitor mode 1 or 2, the communications channel 
between the terminal and computer is disconnected to assure 
that the terminal does not take part in any handshake process 
between the plotter and the computer. With the exception of the 
break signal, the plotter ignores all terminal-generated data. The 
plotter interprets the break signal as an instruction to flush the 
I/O buffer and return the plotter to the programmed-off mode. 

In monitor mode 2, with an echo terminator defined, the plotter 
output responses are sent to the computer, but not to the terminal. 
The computer is working in an echoplex environment, such that 
plotter responses to the computer are echoed to the terminal; if 
the plotter explicitly sent output responses to the terminal, the 
terminal would receive the responses twice (the explicit response 
and the echoed response). In monitor mode 2, with no echo ter¬ 
minator defined, the plotter output responses are sent to the 
terminal and the computer. 
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In monitor mode 1, only the parsed data from the plotter’s buffer 
is transmitted to the terminal. If the computer echoes a plotter 
output response, this response never gets echoed to the terminal 
because it is not parsed by the plotter. The plotter must explicitly 
send any output response to the terminal. 

The following illustrate data flow for the two monitor modes. 


Computer 


Computer 
rt of 
(cable 


Terminal 
port of 
Y cable 


Terminal 



Processor 
scans for 
"BREAK”, 


Outputs 


Plotter 

instructions 


Parse Mode 


Computer 


Computer 
rt of 
cable 


Terminal 
port of 
Y cable 


Terminal 



Plotter 

instructions 
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RELATED 

INSTRUCTION: ESC . Set Plotter Configuration 

ESC. R, Reset 

USE: Resets certain I/O conditions to power-up default states. 
Use this instruction to establish known conditions when starting 
a new plot. 

SYNTAX: ESC.R 

REMARKS: The ESC. R instruction aborts any device-control 
instruction currently in use, aborts any partially parsed HP-GL 
instruction, resets the parser, clears all buffers, and resets all 
buffers to their default sizes. 

ESC. R is equivalent to sending the following four instructions: 

ESC. J 
ESC.K 

ESC . P: (without parameters) 

ESC . T: (without parameters) 

(Refer to the detailed descriptions for ESC. J, ESC. K, and ESC .T 
elsewhere in this chapter. Refer to Chapter 14 for a detailed 
description of the ESC. P instruction.) 

After executing ESC. R, send the ESC. L instruction to ensure 
that all conditions have been reset before any subsequent in¬ 
structions are parsed. In this application, the ESC. L response is 
not important. However, to avoid potential errors, read the output 
response before sending more data. Refer to the ESC. L instruc¬ 
tion for additional information. 

ESC. S, Output Configurable Memory 
Size 

USE: Outputs the total memory size of user-definable RAM, or 
the memory space available in one of its three buffers: the phys¬ 
ical I/O buffer, pen sort buffer, or polygon buffer. Use this 
instruction to determine how much memory is currently allocated 
to each buffer or to confirm the allocation performed by GM, 
ESC.T, or ESC.R. 
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SYNTAX: ESC . S re: 


Parameter 

Format 

Range 


n 

integer 

0 to 6 

0 


RESPONSE: memory size [TERM] 

REMARKS: The following table shows each parameter value 
with its corresponding memory designation. 


Parameter Value 

Memory Specification 

0 

Total configurable memory. 

1 

Physical I/O buffer. 

2 

Polygon buffer. 

3 

Not used. 

4 

Not used. 

5 

Not used. 

6 

Pen sort buffer. 


The plotter outputs the total amount of bytes in user-definable 
memory or the memory available in one of the three buffers, 
according to the parameter used. 

RELATED 

INSTRUCTION: ESC .T, Allocate Configurable Memory 

ESC.T, Allocate Configurable Memory 

USE: Allocates memory in user-definable RAM, which consists 
of three buffers: the physical I/O buffer, polygon buffer, and pen 
sort buffer. Use this instruction tc> change the sizes of all three 
buffers as needed. 

SYNTAX: ESC .T (physical I/O buffer size); (Polygon 
buffer size);0;0;0;(Pen sort buffer size): 
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Parameter 

Format 

Range 

Default 

physical I/O 
buffer size 

integer 

2 to 7436 bytes 

1024 bytes 

Polygon buffer 
size 

integer 

0 to 7434 bytes 

1024 bytes 

not used 



0 bytes 

not used 



0 bytes 

not used 




Pen sort buffer 
size 

integer 

12 to 7446 bytes 

5400 bytes 


REMARKS: You can divide the plotter’s configurable memory 
between the I/O, polygon, and pen sort buffers. If you do not 
need to change the I/O buffer, you should consider using the GM 
instruction to change the sizes of the polygon and pen sort buffers. 

When the ESC. T is executed, it performs the following operations 
(in sequence). 

• Clears the I/O buffer, polygon, and pen sort buffers. 

• Allocates memory as specified in its parameters. 

• Resets the parser. 

The following discusses each of the parameters in order. 

• physical I/O buffer size — reducing the size of the I/O 
buffer slows down data transmission. The larger the physical 
I/O buffer, the more data the computer can send to the plotter 
at a given time. 

NOTE: For practical purposes, HP-IB only uses the logical 
buffer. If you use ESC.T to increase the physical I/O buffer 
size from a previously defined value, you must also use the 
ESC. @ instruction to make the larger buffer space available 
on HP-IB. The ESC. B and ESC. L instructions, along with 
serial and parallel polls all give information about the logical 
buffer, so it is especially important to reset the logical buffer 
size using ESC. @ after enlarging the physical size with ESC. T. 
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When you set the physical buffer size to less than the current 
logical buffer size established by ESC. the logical size is 
automatically set to the value of the new physical size. ■ 

• polygon buffer size — refer to Using the Polygon Buffer in 
Chapter 6 to determine an appropriate buffer size for your 
polygon(s). 

• The third, fourth, and fifth parameters are reserved for buffers 
not implemented by this plotter and are always set to zero. 
You must always include these parameters either by specify¬ 
ing zeroes or by using semicolons only to indicate default 
values. 

• pen sort buffer size — allows the plotter to sort the vectors 
according to the pen required for drawing. In turn, this reduces 
both the number of times the plotter switches pens and amount 
of time required to draw the plot. 

When allocating buffer space with the ESC. T instruction, be 

aware of the following recommendations. 

• Allocate buffer sizes at the beginning of a program when the 
buffers are empty, before you send any HP-GL instructions. 
The ESC . T instruction is executed immediately, so HP-GL 
instructions in any of the buffers are cleared. 

• To allocate buffer space during a program, send the ESC . O 
instruction before the ESC. T instruction. Check bit 3 of the 
response. When this bit indicates that the I/O and pen sort 
buffers are empty, send ESC. T to allocate your buffer space. 
After sending ESC . T, send ESC. L to allow the plotter enough 
time to clear and reset the buffers before resuming execution. 
The numeric value of ESC. L is not important in this applica¬ 
tion, but we recommend you read the value to avoid potential 
errors. 

RELATED 

INSTRUCTIONS: ESC . @, Set Plotter Configuration 

ESC . S, Output Configurable Memory Size 
GM, Graphics Memory 


Device-Control Instructions 13-17 


13. Device-Control 




13. Device-Control 


ERROR: 


Condition 

Error 

Plotter Response 

sum of parameters 
exceeds 7448 bytes 

13 

sets all buffers to their 
default sizes 


ESC. Y or ESC. (, Plotter On 

USE: Enables the plotter to accept data and interpret it as 
HP-GL or device-control instructions. Use this instruction in 
Eavesdrop (RS-232-C interface only) to establish programmed-on 
operation. 

SYNTAX: ESC.Y or ESC.( 

REMARKS: In Eavesdrop (the rear-panel Eavesdrop switch is 
on), the plotter is automatically programmed-off at power-on. 
You must send this instruction from the computer to the plotter 
before it can respond to any other instructions. After the plotter 
receives this instruction, it interprets all subsequent data from 
the computer as plotter instructions. If the plotter is already 
programmed-on, it ignores this instruction. Program the plotter 
off to use the terminal to communicate with the computer. 

RELATED 

INSTRUCTIONS: ESC.Z or ESC .), Plotter Off 

ESC.Z or ESC.), Plotter Off 

USE: Disables the plotter so that it accepts only a plotter-on 
instruction. Use this instruction in Eavesdrop (RS-232-C interface 
only) to establish programmed-off operation. 

SYNTAX: ESC.) or ESC.Z 

REMARKS: After receiving a plotter-off instruction, any remain¬ 
ing HP-GL instructions in the buffer are executed; no additional 
instructions are accepted until the plotter receives a plotter-on 
instruction. 


13-18 Device-Control Instructions 








RELATED 

INSTRUCTIONS: ESC.Y or ESC .(, Plotter On 

ESC. @, Set Plotter Configuration 

USE: For RS-232-C users, this instruction sets an effective log¬ 
ical I/O buffer size and controls hardwire handshake, commu¬ 
nications protocol, monitor modes 1 and 2, and block I/O error 
checking. 

For HP-IB users, sets an effective logical I/O buffer size. Use the 
instruction to enlarge the logical I/O buffer. 

SYNTAX: ESC . @ (logical I/O buffer size);(I/O conditions): 


Parameter 

Format 

Range 

Default 

logical I/O 
buffer size 

integer 

0 to 7436 bytes* 

1024 bytes 

I/O conditions 

integer 

0 to 31* 

3 


♦This is the practical range. The actual range the plotter accepts is 0 to 32767. 
We recommend that you restrict your values to the practical range specified. 


REMARKS: The physical I/O buffer is the actual portion of the 
configurable graphics memory where storage and parsing of 
HP-GL instructions takes place. The logical I/O buffer can be 
thought of as the operational subset of the physical I/O buffer; it 
is not a separate buffer. It is the size of the logical I/O buffer that 
limits plotter I/O functions such as the quantity of HP-GL 
instructions waiting to be parsed, and threshold levels in certain 
handshaking methods. Since the logical I/O buffer is the limiting 
factor, you should always increase it when you enlarge the phys¬ 
ical I/O buffer. 

The logical I/O buffer cannot be larger than the physical I/O 
buffer. At power-on, the physical I/O buffer and the logical I/O 
buffer are the same size. If you decrease the size of the physical 
I/O buffer, the logical I/O buffer automatically decreases to the 
same size. However, enlarging the physical I/O buffer does not 
affect the logical I/O buffer. 
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Use ESC.T to change the physical I/O buffer size; ESC.@ to 
change the logical I/O buffer size. The plotter interprets the 
parameters as follows. 

• logical I/O buffer size — sets the size of the logical I/O 
buffer. If you do not specify this parameter, the plotter sets the 
logical I/O buffer to the same size as the current physical I/O 
buffer. Always increase the physical I/O buffer size (using 
ESC .T) before you enlarge the logical I/O buffer size. 

• I/O conditions — specifies an integer equivalent value that 
controls the states of bits 0 through 4 of the configuration 
byte. When using an RS-232-C interface, these bits control 
hardwire handshake, communications protocol, monitor 
modes 1 and 2, and block I/O error checking. When using an 
HP-IB interface, this parameter is ignored. Refer to the ESC. Q 
instruction for information concerning monitor mode. 

At power-on, bits 0 and 1 are set to 1; bits 2 through 4 are set to 
zero. When hardwire handshake is enabled, the plotter uses 
the Data Terminal Ready (DTR) line in the same manner that 
buffer threshold indicators are used in the Xon-Xoff handshake. 
DTR is set high at power-on and is not set low until avail¬ 
able buffer space is less than the data block size specified by 
either ESC.H or ESC.I (default is 80 bytes). DTR remains 
low until the buffer is half empty or until there are 40 bytes 
more than the data block size available. The condition occur¬ 
ring first causes DTR to be set high. When full duplex commu¬ 
nication is enabled, the plotter can only transmit data to the 
computer when both DSR and CTS (pins 5 and 6 on the 
RS-232-C connector) are high. 

The following table shows the logic states of the significant 
bits 0 through 4. 
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Bit 

Number 

Logic 

State 

Description 

0 

0 

Disable hardwire handshake mode (set and hold 
pin 20 of RS-232-C port connector high). 


1 

Enable hardwire handshake mode. 

1 

0 

Enable full duplex data communication. 


1 

Enable three-wire! data communication. 

2 

0 

Specify monitor mode 1 (only HP-GL instructions 
are displayed as they are parsed from the buffer). 
Refer to Monitor Mode in this chapter. 


1 

Specify monitor mode 2 (all bytes are displayed 
as they are received by the plotter). 

3 


Disable monitor mode. 


1 

Enable the monitor mode. (RS-232-C only. Bit 2 
specifies one of two monitor modes.) 

4 


Disable block I/O error checking. 


1 

Enable block I/O error checking. 


EXAMPLE: Using an RS-232-C interface , the following specifies 
a logical I/O buffer size of 5000 bytes. Decimal value 27 sends the 
ASCII ESC character. The decimal value 12 specifies the corre¬ 
sponding binary value to set the logic state of bits 0 through 3 as 
shown. 


CHR$(27) + “.(25000; 12: ” 


0 0 0 

Ignored ^ 


0 

i 


1 


1 0 0 = Decimal 12 

‘ 1 n ^ Disable hard¬ 

wire handshake 

L Enable full duplex 
communication 
protocol 

L Specify monitor mode 2 


L Enable monitor mode 


L Disable block I/O error checking 
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CHAPTER 



Interfacing and Handshaking 


This chapter discusses how to programmatically establish com¬ 
munication compatibility between the plotter and the computer. 
The User’s Guide explains the steps necessary to connect your 
plotter to a computer and provides some program listings to 
establish critical interface and handshake conditions. The first 
part of this chapter discusses the HP-IB (IEEE-488 compatible) 
interface. The second part of this chapter explains the different 
handshakes and the device-control instructions necessary to 
establish communication on the RS-232-C interface. Read the 
section that applies to the interface you are using. If your com¬ 
puter is not listed in the User’s Guide, this chapter can help you 
establish the appropriate handshake conditions for your interface. 

The Hewlett-Packard Interface 
Bus (HP-IB) 

The HP Interface Bus (HP-IB) transfers data and commands 
between the computer and plotter on 16 signal lines. Eight data 
I/O lines are reserved for the transfer of data and other messages 
in a byte-serial, bit parallel manner. Data and message transfer 
is asynchronous, coordinated by three handshake lines. The 
remaining five lines are for management of bus activity. 

Devices connected to the bus can be talkers, listeners, or con¬ 
trollers. The controller dictates the role of each of the other devices 
by setting the attention (ATN) line true and sending talk or 
listen addresses on the data lines. Addresses are set into each 
device at the time of system configuration either by switches 
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built into the device or by jumpers on an internal board. While 
the ATN line is true, all devices must listen to the data lines. 
When the ATN line is false, only devices that are addressed 
actively send or receive data. 

This plotter’s HP-IB adheres to the ANSI/IEEE-488 standard, 
and implements the following interface functions. 


HP-IB Interface Functions 


Interlace 

Function 

Capability 

Identification 

Source Handshake 

SHI 

Acceptor Handshake 

AH1 

Talker 

T6 

Listener 

L3 

Service Request 

SRI 

Device Clear 

DCl 

Remote Local 

RLO 

Device Trigger 

DTO 

Controller 

CO 

Parallel Poll 

PPO, PP1, or PP2* 


*PP0 if listen-only mode; PP1 if address 5= 8; PP2 if address < 8. Refer to Parallel 
Polling in Chapter 11 for the correspondence between the address and data line 
used in parallel poll. 


For most applications, you probably only need to understand 
how to address your plotter. Setting the plotter address is detailed 
in the User’s Guide. 

When using the HP-IB, the plotter responds to 11 device-control 
instructions. The following are the valid device-control instruc¬ 
tions when using the HP-IB. (These instructions are not restricted 
to HP-IB; they can be used in an RS-232-C interface also.) 


ESC 

.A 

ESC.O 

ESC. 

B 

ESC.R 

ESC, 

E 

ESC.S 

ESC, 

J 

ESC.T 

ESC 

K 

ESC.@ 

ESC, 

L 



All of the instructions listed above are described in Chapter 13. 
The plotter recognizes but ignores eight additional device-control 
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instructions. Of these eight device-control instructions, five are 
valid only for RS-232-C interfacing and handshaking and are 
described at the end of this chapter. 

Controlling Addressing Sequences 

When you are programmatically controlling the HP-IB, one of 
the first things you must consider is addressing. The following 
table lists the listen and talk characters for specific addresses. 


Plotter 

Address 

Address Characters 

Listen 

Talk 


(space) 


1 

! 


2 

ft 

B 

3 

# 

C 

4 

$ 

D 

5 

% 

E 

6 

& 


7 

r 


8 

( 


9 

) 


10 

* 


11 

+ 

K 

12 


L 

13 

- 

M 

14 


N 

15 

/ 

0 

16 


P 

17 

l 

Q 

18 

2 

R 

19 

3 

S 


4 

T 

21 

5 

U 

22 

6 

V 

23 

7 

w 

24 

8 

X 

25 

9 

Y 

26 


Z 

27 


[ 

28 

< 

\ 

29 

= 

] 


> 

A 

31 

? 

— 
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An addressing sequence is made up of three major parts. 
<Unlisten Command> <Talk Address> <Listen Addresses> 
The purpose of these parts is as follows. 

• The unlisten command is a universal bus command; its char¬ 
acter is ? (ASCII decimal code 63). It unaddresses all listeners. 
After transmitting the unlisten command, no active listeners 
remain on the bus. 

• The talk address indicates the device that is to talk, or send 
data. A new talk address automatically unaddresses the pre¬ 
vious talker. 

• The listen addresses indicate one or more devices that are to 
listen, or receive data. A listen address adds the designated 
device as listener along with other addressed listeners. 

This addressing sequence directs who talks to whom. You can 
implement the commands (unlisten, talk, listen) by putting data 
on the bus and setting the proper control line true. The unlisten 
command (?) plays a vital role in this sequence. It is important 
that a device receive only the data that is intended for it. 

When a new talk address is transmitted in the addressing se¬ 
quence, the previous talker is unaddressed. Therefore, only the 
new talker can send data on the bus and you don’t need to use an 
untalk command in the same manner as the unlisten command. 

For example, to tell a computer at address 21 to talk and a plotter 
at address 05 to listen, the controller (usually the computer) sets 
the proper control line true and sends the following sequence: 

? U % 

where ? — tells all devices on the bus to unlisten, 

U — designates the device at address 21 as the talker, 

% — designates the device at address 05 as the listener. 

To have the plotter talk and the computer listen, you would set 
the control lines and send the following. 

? E 5 
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Reactions to Bus Commands 
DCL and SDC 

The computer can set all devices on the HP-IB system to a pre¬ 
defined or initialized state by sending the device clear command, 
DCL. The computer can also set selected devices to a predefined 
or initialized state by sending a selected device clear command, 
SDC, along with the addresses of the devices. The basic difference 
is that devices obey SDC only if they are addressed to listen, 
whereas DCL clears all devices on the bus. You can override all 
bus operations and return the bus to an inactive state by sending 
the interface clear command, IFC, from the computer. IFC does 
not affect data already received by the plotter. 

When the plotter receives a DCL or SDC command, it clears the 
I/O and pen sort buffers and resets the parser to begin accepting 
a new instruction, and disables any current output. (The DCL 
and SDC commands do not reset any parameters in the plotter to 
default values. They are not the same as the HP-GL instructions 
DF or IN.) Partially parsed HP-G L instructions and/or param¬ 
eters are lost. 

About RS-232-C Interfacing and 
Handshaking 

Interfacing establishes communication by matching a set of con¬ 
ditions between the computer and the plotter. Your system’s re¬ 
quirements dictate the interface conditions you must set on your 
plotter. To establish compatible interface conditions, your com¬ 
puter and plotter must agree on the following. 

• Number of data bits — The plotter uses standard 7-bit ASCII 
code; it is not compatible with 6- bit or 12-bit ASCII devices. (If 
data from the computer is not in this format, you need a pro¬ 
tocol converter.) 

• Parity — ASCII characters are coded in seven bits, with an 
eighth bit for parity, or error-checking. Refer to the User’s 
Guide to set the rear-panel Parity and Odd switches to the 
same parity as your computer. 
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• Baud rate — The rate at which transmitted data is sent (ap¬ 
proximately equal to bits per second). You must set the plotter’s 
baud rate (using the rear-panel switches) to match the baud 
rate of the computer, otherwise, the plotter will not be able to 
understand the data. 

• Number of stop bits — On the plotter, baud rates 75 and 110 
use two stop bits while baud rates of 200 and faster use one 
stop bit. (You can select one or two stop bits with a baud rate 
of 150.) 

If your computer is not listed in the User’s Guide, check your 
computer system documentation to determine the values for the 
above information. 

Choosing a Handshake 

Once you establish the interface conditions, you must set a hand¬ 
shake method. The plotter can implement any of the following 
four handshakes. 

• hardwire (default) 

• Xon-Xoff 

• enquire/acknowledge (ENQ/ACK) 

• software checking 

Handshaking establishes the manner in which your plotter and 
computer transmit data once the interface is established. Since 
computers can send data faster than a plotter can process it, a 
handshake method is required to prevent data from being lost or 
misinterpreted. 

For information on which handshake to use, consult your sys¬ 
tem’s documentation or the installation manual for your com¬ 
puter and/or graphics software package. Most graphics software 
packages designed for use with Hewlett-Packard RS-232-C plot¬ 
ters contain the instructions necessary to set up a handshake. 
You may need to provide your software with parameters suitable 
for your system. Instructions for setting the parameters can be 
found in the software installation guide. 
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The following paragraphs describe each of the handshake 
methods listed above. Use these descriptions along with your 
computer documentation to determine the handshake you should 
use. You must know your computer’s requirements to have your 
computer and plotter communicate efficiently. 

Hardwire Handshake 

The hardwire handshake is the plotter’s default, or power-on, 
handshake. This handshake uses the plotter’s Data Terminal 
Ready (DTR) control line (pin 20) to control handshaking. You 
can use this handshake if your computer can monitor pin 20. 

The hardwire handshake requires that the plotter be connected 
directly to the computer; there can be no intermediary devices 
(such as modems). You cannot use a hardwire handshake in any 
other configuration, but you can use other handshakes in this 
configuration. You cannot use the hardwire handshake in an 
eavesdrop configuration. 

Xon-Xoff Handshake 

The Xon-Xoff handshake is controlled by the plotter. You can use 
this handshake only if your computer supports an Xon-Xoff pro¬ 
tocol. An Xon-Xoff handshake transmits a control character from 
the plotter to the computer when the plotter’s I/O buffer is full, 
and another character when the buffer is ready to receive more 
data. 

Enquire/Acknowledge Handshake 

The Enquire/Acknowledge handshake is controlled by the com¬ 
puter. The computer sends an enquire character that prompts 
the plotter to respond when there is enough room in the buffer for 
more data. When sufficient I/O buffer space is available, the 
plotter sends an acknowledgment string that signals the com¬ 
puter to send data. The enquire/acknowledge handshake is not 
as efficient as the Xon-Xoff handshake when there is a wide 
range of record lengths. 

Software Checking Handshake 

Probably the least efficient of the handshakes, you can imple¬ 
ment this method on almost any computer system. You must use 
it, however, if your computer system cannot implement any of 
the other handshaking methods. This handshake is managed by 
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the programmer. To use this handshake, you must include device¬ 
control instructions in your program to repeatedly check the 
availability of I/O buffer space. 

Handshaking Through Device-Control 
Instructions 

You can establish each handshake programmatically using device¬ 
control instructions. This enables you to switch from one hand¬ 
shake to another for different applications. 

Following is a list of device-control instructions that directly 
affect your handshake and handshake capabilities. Use these 
instructions in combination with the device-control instructions 
in Chapter 13 to enhance the communication between your com¬ 
puter and plotter. 

ESC. H, Set Handshake Mode 1 

ESC. I, Set Handshake Mode 2 

ESC. M, Set Output Mode 

ESC. N, Set Extended Output and Handshake 

ESC. P, Define Handshake 

NOTE: These device-control instructions are for RS-232-C users. 
The HP-IB takes care of the interfacing and handshaking con¬ 
ditions automatically. Refer to Chapter 13 for more information 
concerning the device-control instructions that apply directly to 
HP-IB. ■ 

Hardwire Handshake 

The hardwire handshake takes place in the hardware rather 
than the firmware or software. To use hardwire handshake, you 
must connect the plotter directly to the computer; there can be no 
intermediate hardware (such as modems) between the plotter 
and computer. Hardwire handshake is the default handshake 
when you turn on your plotter; you don’t have to use device¬ 
control instructions in your program to initiate it. Most personal 
computers can implement a hardwire handshake; refer to your 
computer’s documentation. 
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In a hardwire handshake, the computer monitors one of the inter¬ 
face lines from the plotter. The hardwire handshake works as 
follows. 

1. When the plotter has room for data in its I/O buffer, it signals 
the computer to send data by setting the DTR line high (turn¬ 
ing it on). The DTR line is pin 20 on the plotter’s RS-232-C 
connector. 

The plotter raises the DTR line when either the I/O buffer has 
40 bytes more than the threshold level available, or half the 
buffer is empty, whichever is smaller. 

2. The plotter has a threshold level that determines when the 
I/O buffer is in danger of overflowing and losing data. When 
the threshold level is reached, the plotter sets the DTR line 
low (off). 

The computer continually checks the status of the line: if the line 
is high, it sends data; if the line is low, the computer waits until 
the line is high again before sending more data. This prevents 
the computer from overflowing the plotter’s I/O buffer. 


Overshoot (due to time required to 



Total 

logical I/O 
buffer 
space 
available 


Maximum 
L logical I/O 
buffer size 


Use either of the following device-control instructions to initiate 
a hardwire handshake in your program. 


• ESC.P 

• ESC.@ 
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Using ESC.P to Initiate a Hardwire Handshake 

The ESC.P device-control instruction with a parameter of 3 
(ESC. P3) sets several parameters for you. It is the simplest method 
that initiates a hardwire handshake. Be aware that these param¬ 
eter values may not be the best for your computer system. If your 
system requires other values, consider the following device-control 
instructions. 

• ESC. M to change the output terminator. 

• ESC. I to change the “off’ threshold level. 

To override parameter values set by the ESC. P instruction, place 
the appropriate instruction after ESC. P. 

Using ESC.@ to Initiate a Hardwire Handshake 

If a hardwire handshake has been disabled by a previous pro¬ 
gram, use ESC. @. As with the ESC. P instruction, you can add 
the ESC. I instruction to set the threshold level. Since the other 
parameters of ESC. I are unnecessary for a hardwire handshake, 
they need not be included. The following shows an example using 
the ESC. @ and ESC. I instructions. ASCII decimal code 27 sends 
the ESC character. 

CHR$(27)~h“ .@;3: ” 

CHR$(27) + “ .110: ” 

The following specifies the parameter values indicated by the 
above example. 

ESC. @ 

I/O Buffer size = 1024 bytes (default) 

Hardwire handshake = 3-wire data communication 

(enabled) 


ESC. I 

“Off’ Threshold level = 10 bytes 

Xon-Xoff Handshake 

Refer to your computer system’s documentation to determine 
whether or not you can use the Xon-Xoff handshake. 

When using the Xon-Xoff handshake method, the plotter controls 
the data exchange sequence by signaling the computer when it 
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has sufficient room in its I/O buffer for data and when to stop 
sending data. The plotter uses buffer threshold indicators (an 
Xon trigger character and an Xoff trigger character) to prevent 
buffer overflow. 

1. Data enters the plotter’s buffer faster than it can be processed, 
and the buffer starts to fill. When the data in the I/O buffer 
reaches the Xoff threshold level, the plotter sends the Xoff 
trigger character to the computer. 

2. The plotter’s buffer empties as data is processed. When the 
Xon threshold level is reached (approximately half the I/O 
buffer), the plotter sends the Xon trigger character to the com¬ 
puter, restarting the flow of data. 

This process is repeated until all data has been sent. The follow¬ 
ing is a graphic representation of this process. 


Logical I/O 
buffer full 

Xoff threshold 
(Xoff trigger 
character sent) 

Xon threshold 
(Xon trigger 
character sent) 


Logical I/O 
buffer empty 

NOTE: There is a delay between the time the signal is sent from 
the plotter and the time the computer stops sending data. Allow 
extra buffer room to avoid losing data. ■ 

Use either of the following device-control instructions to initiate 
an Xon-Xoff handshake in your program. 

• ESC.P 

• ESC . I and ESC . N 
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Using ESC. P to Initiate an Xon-Xoff Handshake 

Using ESC. P with a parameter of 1 (ESC. PI:) sets several Xon- 
Xoff parameters for you; it is the simplest way to initiate an 
Xon-Xoff handshake with a device-control instruction. Be aware 
that these parameter values may not be the best for your com¬ 
puter. If your computer requires other values, consider the follow¬ 
ing instructions. 

ESC. I to change the Xoff threshold level and Xon trigger 
character. 

ESC . N to change the intercharacter delay and Xoff trigger 
character. 

ESC . M to change the turnaround delay, output trigger char¬ 
acter, echo terminator, and output terminator. 

To override parameter values set by the ESC. P instruction, place 
the appropriate instruction after the ESC. P instruction. 

Using ESC. I to initiate an Xon-Xoff Handshake 

To initiate an Xon-Xoff handshake using the ESC. I instruction, 
you must omit its second parameter (enquiry character). Also, 
send the ESC. N instruction to establish an intercharacter delay 
and the Xoff trigger character. The following shows an example 
using the ESC. N and ESC. I instructions. The ASCII decimal 
code 27 sends the ESC character. 

CHR$(27) + “ .110; ;17: ” 

CHR$(27) + “ >10:19: ” 

The parameter values specified by the above example are as 
follows. 

ESC. I 

Xoff threshold level =10 bytes 

Enquiry character = omitted (indicates Xon-Xoff) 

Xon trigger character = 17 (ASCII DCI) 

ESC.N 

Intercharacter delay = 0 (no delay) 

Xoff trigger character = 19 (ASCII DC3) 
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These are commonly used Xon-Xoff trigger character values. 
Check your system documentation to determine your system’s 
requirements. 

Enquire/Acknowledge Handshake 

This handshake method derives its name from the two ASCII 
characters, ENQ and ACK, used on some systems as the enquiry 
character and acknowledgment string. The enquire/acknowledge 
handshake prevents the computer from sending the plotter more 
data than its buffer can accommodate. The computer sends the 
enquiry character to the plotter, asking if there is enough room 
in its I/O buffer for a block of data. The computer waits until it 
receives an acknowledgment string from the plotter signaling 
that there is sufficient room in the I/O buffer for a block of data. 
Only then does the computer send a block of data. In this way, 
the computer does not send the plotter more data than its buffer 
can accommodate. The diagram below illustrates how an enquire/ 
acknowledge handshake works. 


Computer 

ENQ 


Plotter 

The computer asks: 

“Do you have the buffer space for a 
data block?” 

ACK 



The plotter answers: 

“Yes, there is room in the I/O buffer.” 


Block of data sent 



Use any of the following device-control instructions to initiate an 
Enquire/Acknowledge handshake in your program. 

• ESC .P 

• ESC.I 

• ESC. H 

The method you use depends on your computer system’s require¬ 
ments. If your computer documentation lists the enquire/ 
acknowledge handshake, you should consider either ESC. P or 
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ESC. I. You can use the ESC. H instruction in systems where the 
output trigger character, echo terminator, and output terminator 
must be used with the enquire and acknowledge exchange in 
addition to being used with plotter output responses. 

Using ESC. P to Initiate an Enquire/Acknowledge Handshake 

Use ESC. P with a parameter of 2 (ESC. P2:) to initiate the hand¬ 
shake that sets several parameters for you. Be aware that these 
parameter values may not be the best for your system. If your com¬ 
puter requires other values, consider the following instructions. 

ESC. I to change the block size, enquiry character, and ac¬ 
knowledgment string. 

ESC. M to change the turnaround delay, output trigger, echo 
terminator, and output terminator. 

ESC.N to change the intercharacter delay and immediate 
response string. 

To override the parameter values set by the ESC. P instruction, 
place the appropriate instruction after ESC. P. 

Using ESC. I to Initiate an Enquire/Acknowledge Handshake 

The ESC.I instruction also lets you establish an enquire/ 
acknowledge handshake. If your computer does not require that 
you use the output trigger character, echo terminator, or output 
initiator with the handshake characters, use ESC. I to initiate 
the enquire/acknowledge handshake. 

CHR$(271 + “.12®;5;6: ” 

The following lists the parameter values this instruction specifies. 

Block size = 20 bytes 

Enquiry character = 5 (ASCII EHQ) 

Acknowledgment string — 6 (ASCII ACK) 

The following illustrates the data exchange this handshake would 
implement. 
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Computer 

ENQ 


Plotter 

The computer asks: 

“Do you have buffer space for a data 
block?" 

ACK 


The plotter answers: 

"Yes, there is room in the I/O buffer for 

20 bytes." 


20-byte block of data sent 



Note that you can also use the ESC. M instruction to specify the 
turnaround delay and the ESC. N instruction to change the inter¬ 
character delay and immediate response string. 

Using ESC.H to Initiate an Enquire/Acknowledge Handshake 

If your computer cannot implement a true enquire/acknowledge 
handshake, you can use the ESC. H to initiate a form of a soft¬ 
ware checking enquire/acknowledge handshake that can be used 
on all computers. This method, however, is time consuming and 
requires that you specify ESC. M and ESC. N parameters. The 
following shows an example of this generic enquire/acknowledge 
handshake. ASCII decimal code 27 sends the ESC character. 

CHR$ (27) + . M100; 17; 0; 13: ” 

CHR3(2?) + ‘" .N50;21: ” 

CHR3(27) + “' .H20;5;6: ” 

The following lists the parameter values these instructions 
specify. 

esc.m 


Turnaround delay 

= 100 milliseconds 

Output trigger character 

= 17 (ASCII DC1) 

Echo terminator 

= none 

Output terminator 

= 13 (ASCII CR) 

ESC . N 

Intercharacter delay 

= 50 milliseconds 

Immediate response string 

= 21 (ASCII NAK) 

ESC.H 

Data block size 

= 20 bytes 

Enquiry character 

= 5 (ASCII ENQ) 

Acknowledgment string 

= 6 (ASCII ACK) 
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The following illustrates the data exchange this handshake would 
implement. 


Computer 

ENQ 

"Do you have room for a 20-byte data 
block?" 

Plotter 

Enquiry character 


DC1 

Output trigger character sent 


Immediate response string delayed 

150 ms* 

NAK 




Acknowledgment string delayed 50 ms 
after space becomes available 

ACK 

OR 


Output terminator sent after another 

50 ms intercharacter delay 




Data block sent 



'Total of 100 ms turnaround delay and 



50 ms intercharacter delay. 

The following table sumarizes the maximum specifications 
(instructions and parameters) needed to establish an enquire/ 
acknowledge handshake using the ESC. I or ESC. H instructions. 
In particular, it shows which parameters of the ESC. M instruc¬ 
tion are used with Enquire/Acknowledge characters depending 
on the device-control instruction that initiates the handshake. 
All specified ESC.M parameters are used with plotter output 
responses regardless of the device-control instruction establishing 
the handshake. 
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Enquire/Acknowledge Instruction and 
Parameters Used in Handshake Response 


ESC.H 

ESC. I 

block size 

block size 

enquiry character 

enquiry character 

acknowledgment string 

acknowledgment string 

ESC.M 

ESC.M 

turnaround delay 

turnaround delay 

output trigger character 
echo terminator 

ESC.N 

output initiator 

intercharacter delay 

ESC.N 

intercharacter delay 
immediate response string 

immediate response string 


Software Checking Handshake 

When your computer system cannot use any of the previously 
described handshakes, you must incorporate some form of soft¬ 
ware checking handshake to prevent data from being lost when 
transferred between the computer and plotter. The ESC. B 
instruction (Output Buffer Space) is an effective way to monitor 
the plotter’s I/O buffer. After you send the ESC. B instruction, 
the plotter outputs the number of empty bytes in the I/O buffer. 
Add a delay after the ESC. B responses that are insufficient for 
the data block size to allow the plotter more time to process the 
instructions it already has and thereby improve efficiency. Send 
the block of data when there is sufficient room in the plotter’s 
I/O buffer. Repeat this process until all data has been sent. 

The following chart illustrates how a typical software checking 
handshake works within a program. 
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This method can use large amounts of computer and plotter I/O 
processing time and is therefore inefficient in any environment, 
it is especially slow in time-shared environments. To reduce the 
inquiries about the availability of I/O buffer space, consider the 
following techniques. 

1. Count the number of bytes to send to the plotter, then fill the 
I/O buffer before you send the initial inquiry about available 
I/O buffer space. 

2. After filling the I/O buffer, or receiving a negative reply con¬ 
cerning available buffer space, wait a short time before send¬ 
ing another buffer space inquiry. 

Use the following instructions to match the requirements of your 
computer system. Check your computer’s documentation to deter¬ 
mine which of the following parameters are required. 


Device-Control 


Instruction 

Parameter 

ESC.M 

Turnaround delay 

Output trigger character 

Echo terminator 

Output terminator 

Output initiator 

ESC.N 

Intercharacter delay 


Using ESC. B to Initiate a Software Checking Handshake 

The enquire/acknowledge handshake includes an example that 
helps set up a type of software checking handshake. A second 
(though less efficient) method of software handshake uses the 
ESC. B, Output Buffer Space, instruction. (Refer to Chapter 13 
for a complete description of this device-control instruction.) 

In addition to the ESC. B instruction, this example also uses the 
ESC. M and ESC. N instructions to establish a turnaround delay 
and an intercharacter delay. Since all other parameters are 
omitted, they assume their default values. Use the ESC.B 
instruction to send a block of data after ESC. M and ESC. N. 
(ASCII decimal code 27 sends the ESC character.) 
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CHF$(27 : + “ .M250: ” 

CHR$(27] + “ .N50: ” 

CHR$(27 j + “ .B” 

The parameter values for the above example are as follows. 

ESC.M 

Turnaround delay = 250 milliseconds 

Output terminator = ASCII code 13 (CR); default value 

esc.n 

Intercharacter delay = 50 milliseconds 

Data Transmission Modes 

When you are using the plotter in an RS-232-C environment, you 
can use two modes of data transmission: normal mode and block 
mode. Normal mode is the default mode. Use the ESC. @ instruc¬ 
tion (Set Plotter Configuration) to switch from one mode to the 
other. Refer to Chapter 13 for a complete description of the 
ESC. @ instruction. 

Normal Mode 

The plotter is in normal mode when you turn it on. In normal 
mode, all HP-GL instructions are stored in an I/O buffer where 
they are parsed in the order in which they are received, then they 
are either executed or moved to the pen sort buffer when pen 
sorting is enabled. Device-control instructions do not enter the 
buffer, but are executed immediately. 

Block Mode 

Block mode lets you monitor the transmission of a block of data 
for any errors that may reach the plotter. This allows you to 
retransmit the block of data again so that the plotter receives it 
correctly, thus preventing errors in the plot. 

After sending the ESC. @ instruction to turn on block mode, you 
define a block by sending some data followed by the ESC. E 
instruction (Output Extended Error). The ESC.E instruction 
serves as a block separator by terminating the first block of data 
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and signaling the beginning of the subsequent block (if any). 
Refer to the ESC. E instruction in Chapter 13 for more 
information. 

In block mode, all HP-GL instructions are stored in the I/O buffer 
until you send an ESC. E instruction to determine whether or 
not errors occurred; device-control and handshake instructions 
are not stored. You should always send the ESC. E instruction 
before you turn off block mode (using the ESC. @ instruction). If 
you turn off block mode before sending the final ESC. E instruc¬ 
tion, the I/O buffer will contain unparsed HP-GL instructions; 
they will not be executed. 

Block mode has no effect on the type of handshake used or on the 
handshaking parameters defined. For example, if the number of 
characters in the block exceeds the logical buffer size, your hand¬ 
shake should prevent a buffer overflow error (error 16) from 
occurring. 

NOTE: Do not use the ESC. L instruction in block mode as it 
may disrupt communication. If you must use the ESC. L instruc¬ 
tion in block mode, send it immediately after an ESC. E instruc¬ 
tion. Send the ESC.E instruction, read the response, send the 
ESC .L instruction, read the response, and then send the addi¬ 
tional HP-GL instructions. ■ 

The following shows an example of a block mode transmission 
process. 


Block I/O Error Checking 


Computer 

Plotter 

Comments 

ESC . @; 16 : — 


Enable block I/O checking. 

Data block A —* 


Send a block of data. 
[Assume a character gets 
garbled (e.g., bad parity).] 

ESC. E 


Any I/O errors? 


_ 15 [TERM] 

Parity error. At this point, 
the plotter discards the 
block because an error 
occurred. 


(Table continues) 
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Block I/O Error Checking (Continued) 


Computer 

Plotter 

Comments 

Data block A 

— 


Retransmit the block. 

ESC.E 

— 


Any I/O errors? 



— 0 [TERM] 

No errors. 

Plotter executes block. 

Data block B 

* 


Send a block of data. 
[Assume a handshake 
character gets lost, and 
buffer overflows.] 

ESC.E 

— 


Any I/O errors? 



— 16 [TERM] 

Buffer overflow. 

Plotter discards block 
because an error occurred. 

Data block B 

— 


Retransmit the block. 

ESC.E 

— 


Any I/O errors? 



0 [TERM] 

No errors. 

Plotter executes block. 


Automatic Modem Disconnect Modes 

Two modes are available for automatic disconnection at the end 
of an RS-232-C session conducted over phone lines: switched/datex- 
line disconnection and leased-line disconnection. Hardwire hand¬ 
shake cannot be used when either disconnect mode is active. To 
leave either mode, turn the plotter off and on again. 

Switched/Datex-Line Disconnect Mode 

In this mode, the CTS (Clear To Send) and DSR (Data Set Ready) 
lines control the DTR (Data Terminal Ready) line. As long as the 
CTS and DSR lines are high, the DTR line is high. When either 
the CTS or DSR line goes low, the DTR line goes low; this causes 
a disconnection. Activate this mode by pressing the front panel 
pen select button 5 during power-up until the plotter has com¬ 
pleted its initialization cycle (all front-panel lights are no longer 
lit). 


14-22 Interfacing and Handshaking 










Leased-Line Disconnect Mode 


In this mode, the CTS, DSR, and I)CD (Data Carrier Direct) lines 
control the DTR line. As long as these three lines are high, the 
DTR line is high. If any of the three lines goes low, the DTR line 
goes low; this causes a disconnection. Activate this mode by 
pressing the front-panel pen select button 6 during power-up 
until the plotter has completed its initialization cycle (all front- 
panel lights are no longer lit). 

NOTE: If you are using an eavesdrop cable and you set up a 
switched-line monitoring mode or a leased-lines monitoring mode, 
the plotter will not be able to monitor the other signal lines and 
you will not be able to output data. Also, if either switched-lines 
monitoring or leased-lines monitoring are operational, you cannot 
use a hardwire handshake. ■ 

ESC. H, Set Handshake Mode 1 

USE: Configures the plotter for enquire/acknowledge handshake 
when the computer requires the parameters of ESC. M and ESC . N 
be used during the handshaking sequence. 

Use the ESC. H instruction in systems where the output trigger 
character, echo terminator, and output terminator must be used 
with the enquire and acknowledge exchange in addition to being 
used with plotter output responses. 

SYNTAX: ESC. H (data block size); (enquiry character); 
(acknowledgment string): or ESC. H : 


Parameter 

Format 

Range 

Default 

data block size 

integer 

0 to 7436 bytes* 


enquiry character 


0 to 26, 28 to 126f 

0 (no 

character) 

acknowledgment 

string 

ASCII 

value 

0 to 126 

0 (no 

character) 


*This is the practiced range. The actual range the plotter will accept is 0 to 32 767. 
fPrintable characters (ASCII codes 32 to 126) should be avoided as they are 
required to send the HP-GL instructions. The recommended characters are 
those with codes 1-26 and 28-31. 
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REMARKS: When you send an ESC.H instruction without 
parameters (ESC . H:), the enquire/acknowledge handshake is dis¬ 
abled, data block size is 80 bytes, and there is no enquiry character 
or acknowledgment string. If however, the computer is configured 
to send an ENQ character anytime it is ready to send data to the 
plotter, the plotter automatically responds with ACK when it 
receives ENQ. This “dummy” handshake is not dependent on 
available buffer space and does not protect against buffer 
overflow. 

The plotter interprets the parameters as follows. 

• data block size — specifies the maximum size of each block 
of data the plotter will receive from the computer. This must 
be less than the logical I/O buffer size. 

• enquiry character — prompts the plotter to acknowledge 
when there is room in the I/O buffer for a block of data. Any 
value other than zero enables the enquire/acknowledge hand¬ 
shake. ASCII decimal code 5 (ENQ) is generally used as the 
enquiry character. 

• acknowledgment string — signals the computer that the 
plotter has space available in the I/O buffer for a block of 
data. This parameter can be a string of up to 10 ASCII char¬ 
acter codes, each subsequent character code separated from 
the previous one by a semicolon. Zero is not transmitted and 
terminates the string. ASCII decimal code 6 (ACK) is generally 
used as the acknowledgment string. Avoid using characters 
that have a special meaning to the computer. 

RELATED 

INSTRUCTIONS: ESC. I 

ESC. I, Set Handshake Mode 2 

USE: Configures the plotter for either the Xon-Xoff or Enquire/ 
Acknowledge handshakes when the computer does not expect 
the parameters of the ESC. M and ESC. N instructions to be 
used during the handshaking sequence. This is often true when 
the handshake protocol is part of the computer’s operating system. 

The parameters for this instruction are dependent on the hand¬ 
shake being configured. 
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SYNTAX 

for Xon-Xoff: ESC . I (Xoff threshold level); (omitted 
parameter) ;(Xon trigger character(s)): 


Parameter 

Format 

Range 

Default 

Xoff threshold 
level 

integer 

* 

80 bytes 

omitted parameter 




Xon trigger 
characters) 

Bl 

decimal codes 

0 to 126f 

0 (no 

character) 


*The practical range is one byte less than the logical I/O buffer size. The actual 
range the plotter accepts is 0 to 32 767; however, any value greater than the 
logical buffer size is changed to one byte less than the logical I/O buffer size. 
fYou can enter up to 10 character codes for the Xon trigger characters. 

for Enquire/Acknowledge: ESC . I (data block size);(enquiry 

character); (acknowledgment string): 


Parameter 

Format 

Range 

— 

Default 

data block size 

integer 

0 to 7436 bytes* 

80 bytes 

enquiry character 

ASCII 

value 

0 to 26,28 to 126f 

0 (no 

character) 

acknowledgment 

string 

ASCII 

value 

decimal codes 

0 to 126ft 

0 (no 

character) 


*This is the practical range. The actual range the plotter accepts is 0 to 32 767, 
however, any value greater than the practical range is changed to one byte 
less than the logical I/O buffer size. 

tPrintable characters (ASCII codes 32 to 126) should be avoided as they are 
required to send the HP-GL instructions. The recommended characters are 
those with codes 1-26 and 28-31. 

ft You can enter up to 10 ASCII character codes for the acknowledgment string. 

REMARKS: When you send an ESC. I instruction without param¬ 
eters (ESC./:), neither the Xon-Xoff nor enquire/acknowledge 
handshake is enabled, the data block size is 80 bytes, and there is 
no enquiry character or acknowledgment string. If, however, the 
computer is configured to send an ENQ character anytime it is 
ready to send data to the plotter, the plotter automatically 
responds with ACK when it receives ENQ. This “dummy” hand¬ 
shake is not dependent on available buffer space and does not 
protect against buffer overflow. 
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For an Xon-Xoff handshake, the plotter interprets the param¬ 
eters as follows. 

• Xoff threshold level — specifies the number of available 
bytes in the I/O buffer when the Xoff trigger character is to be 
sent. If you specify the Xoff threshold level greater than half 
the logical I/O buffer size, the plotter automatically resets the 
Xon threshold level so that the Xon character is sent when 
one byte more than the Xoff level is available. 

NOTE: When the Xoff threshold level is less than half the 
logical I/O buffer size, the Xon threshold level is set to half the 
logical I/O buffer size. ■ 

• omitted parameter — sets an Xon-Xoff handshake when 
you omit this parameter by entering only the semicolon, or the 
value zero followed by the semicolon. To enable the Xon-Xoff 
handshake, you must specify the next parameter. 

• Xon trigger character — specifies the character or char¬ 
acters the plotter sends the computer when there is sufficient 
space available in the I/O buffer. Although the DC1 character 
(decimal code 17) is often used as the Xon trigger character, 
you can specify up to 10 character codes separated by semi¬ 
colons. 

For an enquire/acknowledge handshake, interpret the parameters 

as follows. 

• data block size — specifies the maximum size of each block 
of data the plotter will receive from the computer. 

• enquiry character — prompts the plotter to acknowledge 
when there is room in the I/O buffer for a block of data. Any 
value other than zero enables the enquire/acknowledge hand¬ 
shake. ASCII decimal code 5 (ENQ) is generally used as the 
enquiry character. 

• acknowledgment string — signals the computer that the 
plotter has space available in the I/O buffer for a block of 
data. This parameter can be a string of up to 10 ASCII char¬ 
acter codes, each subsequent character separated from the 
previous one by a semicolon. Zero is not transmitted and termi¬ 
nates the string. ASCII decimal code 6 (flCK) is generally used 
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as the acknowledgment string. Avoid using characters that 
have a special meaning to the computer. 

EXAMPLE: For the Xon-Xoff handshake: 

CHR$(27) + “ .181; ;17:” 

The ASCII decimal code 27 sends the ESC character. The param¬ 
eters set the Xoff threshold level to 81 (the Xoff character is sent 
when 81 bytes remain in the plotter’s I/O buffer) and the Xon 
trigger character to DC1 . Note that the second parameter is omitted 
(as required by this handshake) by entering the semicolon only. 
Set the Xoff trigger character using the ESC. N instruction. 

For the enquire/acknowledge handshake: 

CHR$(27) + “ .1 ;5;£: ” 

The ASCII decimal code 27 sends the ESC character. The param¬ 
eters set the block size to its default value of 80 bytes, the ASCII 
character ENQ as the enquiry character, and the single ASCII 
character ACK as the acknowledgment string. No output initiator 
will precede it, even if one is defined, and no output terminator 
will follow it. 

For more information concerning these handshakes, refer to 
Xon-Xoff Handshake and Enquire/Acknowledge Handshake 
earlier in this chapter. 

RELATED 

INSTRUCTIONS: ESC . H, Set Handshake Mode 1 

ESC . N, Set Extended Output and 
Handshake Mode 
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ESC. M, Set Output Mode 

USE: Establishes parameters for the plotter’s communication 
format. Use the instruction to establish a turnaround delay, an 
output trigger character, an echo terminator, and an output ini¬ 
tiator character. Also use it to change the output terminator from 
its default value, ASCII decimal code 13 (carriage return). This 
instruction is valid when using an RS-232-C interface only. 

SYNTAX: ESC. M (turnaround delay); (output trigger character); 
(echo terminator);(output terminator); 

(output initiator character): 


Parameter 

Format 

Range 

Default 

turnaround delay 

integer 

0 to 32 767 
milliseconds 


ouput trigger 
character 

ASCII 

value 

character codes 

0 to 4,6 to 26, and 

28 to 126 

0 (no 

character) 

echo terminator 

ASCII 

value 

character codes 

0 to 4,6 to 26, and 

28 to 126 

0(no 

character) 

output terminator 

ASCII 

value 

one or two char¬ 
acter codes 0 to 4, 

6 to 26, and 28 to 

126 

13 (carriage 
return) 

output initiator 

ASCII 

value 

character codes 

0 to 126 

0 (no 

character) 


REMARKS: The plotter interprets the parameters as follows. 

• turnaround delay — prevents the plotter from sending data 
until the computer is ready to receive and process it. (An inter¬ 
character delay set by ESC. N increments the turnaround 
delay.) 

• output trigger character — is the last character output by 
the computer when making a request of the plotter. This sig¬ 
nals the plotter to respond to the request. Most computers use 
the DGt character (decimal code 17) for the output trigger. 
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• echo terminator — closes the plotter’s I/O buffer while the 
computer echoes the plotter’s responses. The I/O buffer 
remains closed until the echo response terminator is received. 
Refer to your computer documentation to determine if your 
computer echoes data. If your computer does not echo data, 
specify this parameter as zero or omit it. 

The LF character (decimal code 10) is often used for the echo 
terminator. If the computer echoes the plotter’s response with¬ 
out a terminating character, then use the plotter’s output 
terminator (next parameter) as the echo terminator. 

• output terminator — indicates the end of plotter response to 
the computer. This can be a one- or two-character terminator. 
If the next parameter (Output Initiator) is to be specified, the 
output terminator must consist of two characters, or the second 
character must be set to zero or omitted (by entering a semi¬ 
colon). 

• output initiator — indicates the beginning of a plotter re¬ 
sponse to the computer. To specify an output initiator, the 
output terminator must consist of two characters (see previous 
parameter description). Many computers use STX (ASCII deci¬ 
mal code 2) for the output initiator. 

The flowchart on the next page illustrates a plotter output request. 
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Output Request Flowchart 
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ESC. N, Set Extended Output and 
Handshake Mode 

USE: Establishes parameters for the plotter’s communication 
format. Use this instruction to specify an intercharacter delay in 
all handshake modes and either the immediate response string 
for enquire/acknowledge handshake or the Xoff trigger char¬ 
acters) for the Xon-Xoff handshake. 

SYNTAX: ESC . N (intercharacter delay); (handshake 
dependent parameter ): 


Parameter 

Format 

Range 


intercharacter delay 

integer 

0 to 32 767 
milliseconds 

0 

handshake dependent parameter 
For Xon-Xoff: 

Xoff trigger character(s) 

ASCII 

value 

characters 0 
to 126* 

0 (no 

character) 

For Enquire/Acknowledge: 
immediate response string 

ASCII 

value 

characters 0 
to 126* 

0 (no 
response) 


*You can enter up to 10 ASCII codes for either the Xoff trigger characters or the 
Enquire/Acknowledge immediate response string. 


REMARKS: The plotter interprets the parameters as follows. 

• intercharacter delay — specifies the length of transmission 
delay between each character output by the plotter. This allows 
extra time for computers with limited I/O port buffering capa¬ 
bility to process data. The intercharacter delay is added to the 
turnaround delay (if one has been specified using the ESC. M 
instruction) before the plotter sends the first character, and is 
also inserted before each subsequent character in a string 
being sent to the computer. 

• handshake dependent parameter — depends on the hand¬ 
shake method implemented on your plotter. It is valid in either 
an Xon-Xoff or Enquire/Acknowledge handshake environment 
and is interpreted as follows. 
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— Xoff trigger character — (Xon-Xoff handshake environ¬ 
ment only) signals the computer to temporarily stop send¬ 
ing data while the plotter processes what it has already 
received. The 0C3 character (decimal code 19) is often used 
for the Xoff trigger character. 

— immediate response string — (Enquire/Acknowledge 
handshake environment only) indicates to the computer 
that the plotter is acknowledging receipt of an enquiry 
character and is checking for available buffer space. The 
NAK character (decimal code 21) is often used for the imme¬ 
diate response string. 

In either handshake environment, the second parameter can list 
up to 10 ASCII characters, each separated from another by a 
semicolon. 

RELATED 

INSTRUCTIONS: ESC. I, Set Handshake Mode 2 
ESC. M, Set Output Mode 

ESC. P, Set Handshake Mode 

USE: Simplifies specification of the handshaking method the 
plotter uses when talking to the computer. You can use this 
instruction to select among four standard handshakes. 

SYNTAX: ESC.Pn: or ESC.P: 


Parameter 

Format 

Range 

Default 

n 

integer 

0,1, 2, or 3 

0 (none) 


REMARKS: You can use this instruction to select among the 
four standard handshakes. (Use ESC.@, H, I, M, and N to 
enhance, or select nonstandard handshakes.) The following table 
shows the parameters and the handshakes they implement. 
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Parameter Value 
and Handshake Method 




2 

Enq/ 

Ack* 

3 

Hardwire 

(default) 

Predefined Handshake 
Parameters Established 

0 

50 

0 

0 

Turnaround Delay 

0 

0 

17 

0 

Output Trigger Character 

0 

10 

10 

0 

Echo Terminate Character 

13 

13 

13 

13 

Output Terminator 

80 

N/A 

80 

N/A 

Block (Record) Size 

1024 

1024 

1024 

1024 

Logical I/O Buffer Size 

0 

10 

0 

0 

Intercharacter Delay 

0 

N/A 

0 

0 

Immediate Response String 

N/A 

17 

N/A 

N/A 

Xon Trigger Character 

N/A 

19 

N/A 

N/A 

Xoff Trigger Character 

0 

0 

5 

0 

Enquiry Character 

6t 

N/A 

6 

6t 

Acknowledgment String 

N/A 

80 

N/A 

80 

Threshold Level 


♦This handshake method is established as though you had used the ESC. I 
instruction. 

tThis is a “dummy” acknowledge and does not prevent buffer overflow. 



RELATED 

INSTRUCTIONS: ESC. Set Plotter Configuration 
ESC. H, Set Handshake Mode 1 
ESC. I, Set Handshake Mode 2 

ERROR: 


Condition 

Error 

Plotter Response 

parameter greater than 3 

13 

ignores the instruction 
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Error Messages 


There are two types of errors: those related to HP-GL instruc¬ 
tions, and those related to device-control instructions. To read an 
HP-GL error number in your program, use the OE instruction 
(presented in Chapter 11). To read a device-control error number 
in your program, use the ESC. E instruction (presented in 
Chapter 13). Note that for both HP-GL and device-control instruc¬ 
tions error number 0 indicates that no error has occurred. 

The following table lists the HP-GL error numbers, their mean¬ 
ings, and the probable cause of the error (if any). 


HP-GL Errors 


Error 

Number 

Meaning 

Possible Cause 

1 

unrecognized 

command 

A mnemonic is incorrect or missing; 
an alphabetic character was specified 
in a parameter when a numeric char¬ 
acter was expected. 

2 

wrong number of 
parameters 

Too few or too many parameters; an 
incomplete X,Y coordinate pair. 

3 

bad parameter 

A parameter is out of range. 

5 

unknown 
character set 

A set other than 0-9, 30-39, 99, 100, 
or 101 has been designated or in¬ 
voked. 

6 

position overflow 

A single label is so long that it ex¬ 
ceeds the numeric range. 

7 

buffer overflow 

One of the graphics memory buffers 
does not have enough space allocated. 
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The following table lists the device-control error messages, their 
meanings, and the probable cause of the error (if any). 


Device-Control Errors 


Error 

Number 

Meaning 

Possible Cause 

10 

bad output request 

(Serial only). New output was re¬ 
quested before previous output was 
finished being transmitted. The pre¬ 
vious output will continue normally 
and the new output will be ignored 
(thus causing the error). 

11 

bad byte after ESC. 

Invalid character received after first 
two characters (ESC.) in a device¬ 
control instruction. 

12 

bad byte in I/O 
control 

Invalid character received while pars¬ 
ing a device-control instruction. The 
parameter containing the invalid 
character and all following param¬ 
eters are defaulted. 

13 

bad parameter 

One or more parameters are out of 
range. 

14 

too many 
parameters 

Too many parameters received. Addi¬ 
tional parameters beyond the proper 
number are ignored; parsing of the 
instruction ends when a colon (nor¬ 
mal termination) or the next ESC 
character (abnormal termination) is 
received. 

15 

bad transmission 

(Serial only). A parity error has been 
detected. 

16 

buffer overflow 

(Serial only). The physical I/O buffer 
has overflowed. As a result, one or 
more characters have been lost; 
therefore, an HP-GL error will prob¬ 
ably occur. 

17 

transmit underrun 

(Serial only). Transmit underrun can 
be caused by a baud rate mismatch 
between devices, or by excessive I/O 
activity in receive monitor mode. 

18 

indeterminate error 

I/O error of indeterminate cause. 
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No Operation (NOP) Instructions 

In order to maintain software compatibility with other HP plot¬ 
ters, this plotter recognizes the following HP-GL instructions as 
no operation (NOP) instructions. They are ignored and no error 
is generated. 


AF, Advance Full Page 
AH, Advance Half Page 
AS, Select Pen Acceleration 
EC, Enable Cutter 

FR, Advance Frame 

FS, Select Pen Force 
GP, Designate Pen Group 
PG, Advance Page 

VA, Adaptive Velocity 
VN, Normal Velocity 
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Notes 



A4 Error Messages 
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One of the most commonly used computer codes is ASCII. The 
plotter uses seven-bit ASCII encoding with an eighth bit for 
parity. ASCII is used by the plotter for I/O operations. The parity 
bit here is set to 0. Characters in ASCII are either nonprinting 
control characters or graphic printing characters (used, for 
example, in labeling). The following information discusses ASCII 
character and control codes and the character sets implemented 
by the plotter. 


ASCII Character Codes 

Often, it is convenient to refer to ASCII characters using their 
decimal codes (the decimal equivalents of their binary codes). 
The following table shows three ASCII characters, their binary 
codes, and their decimal codes. (The graphic representation of 
the decimal code is dependent on the currently selected character 
set.) 


Character 

ASCII 

Binary Code 

ASCII 

Decimal Code 

A 

01000001 

65 

B 

01000010 

66 

? 

oon mi 

63 
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ASCII Control Codes 

The plotter’s reactions in label mode to nonprinting ASCII con¬ 
trol codes (decimal codes 0 to 32) are shown in the following 
table. These reactions are true regardless of the character set 
currently used for labeling. 


Reaction to Nonprinting Control Characters 


Decimal 

Code 

ASCII 

Character 

All Sets 

0 

NULL 

No Operation (NOP) 

1 

SOH 

NOP 

2 

STX 

NOP 

3 

ETX 

Terminate Label Instruction 

4 

ETO 

NOP 

5* 

ENQ 

NOP 

6 

ACK 

NOP 

7 

BEL 

NOP 

8 

BS 

Backspace 

9t 

HT 

Horizontal Tab (Vfe Backspace) 

10 

LF 

Line Feed 

11 

VT 

Inverse Line Feed 

12 

FF 

NOP 

13 

CR 

Carriage Return 

14 

SO 

Shift-Out 

(Select Alternate Character Set) 

15 

SI 

Shift-In 

(Select Standard Character Set) 

16 

DLE 

NOP 


*With an RS-232-C interface, unless 5 has been established as an enquiry 
character, the plotter will respond to an ENQ with an ACK. 
fUsing control character horizontal tab (decimal code 9) inside a label string 
moves the pen one-half character space back (equivalent to a CP0.5,0;). 

(Table continues) 
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Reaction to Nonprinting Control Characters (Continued) 


Code 

Decimal 

Character 

ASCII 

All Sets 

17 

DC1 

NOP 

18 

DC2 

NOP 

19 

DC3 

NOP 

20 

DC4 

NOP 

21 

NAK 

NOP 

22 

SYN 

NOP 

23 

ETB 

NOP 

24 

CAN 

NOP 

25 

EM 

NOP 

26 

SUB 

NOP 

27 

ESC 

NOP 

28 

FS 

NOP 

29 

GS 

NOP 

30 

RS 

NOP 

31 

US 

NOP 

32 

SP 

Space 
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The plotter has 22 character sets. All printing characters are 
fixed-spaced vector fonts. The following table lists these character 
sets. 


Fixed-Space 
Vector Font 

Character Set 

ISO 

Registration 

Number 

0 

ANSI ASCII 

006 

1 

9825 Character Set 

— 

2 

French/German 

— 

3 

Scandinavian 

— 

4 

Spanish/Latin American 

— 

5 

Special Symbols 

— 

6 

JIS ASCII 

014 

7 

Roman Extensions 

— 

8 

Katakana 

013 

9 

ISO IRV (International 
Reference Version) 

002 

30 

ISO Swedish 

010 

31 

ISO Swedish for Names 

011 

32 

ISO Norway, Version 1 

060 

33 

ISO German 

021 

34 

ISO French 

025 

35 

ISO United Kingdom 

004 

36 

ISO Italian 

015 

37 

ISO Spanish 

017 

38 

ISO Portuguese 

016 

39 

ISO Norway, Version 2 

061 

99 

Drafting 

— 

100* 

Kanji 

— 

101* 

Kanji 

— 


‘Refer to Appendix D, Using Kanji, for detailed information concerning the 
Kanji character set. 
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Character Sets 


The following pages show the plotter’s character sets 0-9,30-39, 
and 99. (The Kanji character set, character sets 100 and 101, is 
shown in Appendix D.) All printing ASCII characters and their 
decimal codes (33-126) are listed for each character set. 

NOTE: Each of the shaded symbols is automatically backspaced 
one character before it is drawn. Therefore, when you need to 
accent or underscore a letter, you should label the letter first, 
then the accent or underscore. In addition, the special centered 
symbols in character set 5 (decimal codes 65-79) are designed for 
use in symbol mode with the SM instruction. When used in a 
label instruction, spacing will be irregular and may produce un¬ 
desirable results. ■ 
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1 2 3 4 5 6 7 8 9 30 31 32 33 34 35 36 37 38 39 99 
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Sample Plots and Program 
Listings 


The sample programs in this appendix are designed to give you a 
better understanding of some of the fundamental HP-GL con¬ 
cepts, such as scaling, rotation, using windows, and digitizing. 
Four of the five programs are written in Microsoft BASIC; the 
fifth program is written in HP Series 200 BASIC (Version 3.0). 

The explanatory text for each progjam listing describes the com¬ 
bination of HP-GL concepts illustrated by the program. As you 
enter each program, concentrate on seeing how these concepts 
interact with the rest of the program to bring about the desired 
result. 

With the exception of the HP Series 200 sample program, the plot 
for each sample program is shown after the listing it represents. 
Each plot fits on C-size paper. The ISP Series 200 sample program 
concerns digitizing, the size of the drawing you digitize deter¬ 
mines the paper size you should use when you draw it. 

NOTE: In the listings, a single program line may be printed on 
two lines to fit on the page. You should enter such a line as 
though it were unbroken on the page. Otherwise, you may receive 
unexpected results. ■ 
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Example 1: Scaling and P1/P2 Locations 

This program illustrates the effect of PI and P2 on scaling and 
uses relative plotting to draw a series of figures at any location 
on the paper. The program is divided into four sections. 

• Section 1 sets PI and P2 to near-default locations and uses no 
scaling when drawing the figures. 

• Section 2 adds isotropic scaling to the current P1/P2 settings. 

• Section 3 turns off scaling and dramatically changes the loca¬ 
tions of PI and P2. (Note how similar in size and shape these 
figures are to Section 1. When scaling is off, the locations of 
PI and P2 have no affect on how a figure is drawn.) 

• Section 4 isotropically scales these P1/P2 locations. 

Each section is numbered and labeled on the plot. The numbers 
are labeled using size relative characters; that is, the size of the 
numbers is dependent on the relative locations of PI and P2. 

Additionally, the program draws each section using a different 
pen. We encourage you to use four noticeably different colors so 
that you can easily see the different concepts involved. 


10 

’ Insert configuration statement 

\ iere 

15 

- 


-■ Cj 

' Section 1 - IP sets FT/R2; no sc 

:alirig 

38 

PRINT 81, “IN;IP-10000,-7000,1G 

1000,700G 

"IC 

•i 



45 

’draws box around the quadrant 


50 

PRINT 81, “S FT;F 1 U-10000,7000; ” 


60 

PRINT 81, “F'D-100,7000,-100,10G 
-10000,7000; ” 

!, -10000, 

65 



76 

’draws figures 


80 

PRINT 81, “PU-50Q0,3500 ; ” 


90 

GOSUB 600 


1 l /l c 

- 


-i—• ■— 

115 

’ n u rn b e r s q u a d r a n t 


120 

PRINT 81, “ SRI.2,2.4 ; F'U - 3000, 42 
UHR$ ( 3 ) 

)00;LB8 1 
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130 

135 


PRINT 81, “51; 


145 

’ labels qu 

150 

PRINT 81, ‘ 

160 

PRINT 81, ‘ 

170 

PRINT 81, 1 


instri. 


+CHR$ 

180 

PRINT 81, ’ 

T i'7l iT> i'7i i 7-i 

185 


195 

’ Section i 


i sot re 

200 

PRINT 81, 1 

205 

’ 

210 

PRINT 81, ‘ 

220 

PRINT 81, ’ 


5050,: 

•7 “■ c 


230 

PRINT 81, ‘ 


CHR$ 1 : 

7 , '“' cr 

W | _l 

’ 

240 

PRINT 81, ‘ 

250 

GUSLIB 600 

T'CC 

•_> 

’ 

260 

PRINT 81, ‘ 

270 

PRINT 81, ‘ 


sea ling” +CHR$ (13) 


280 

290 

295 


isotropic seal ing ’’ 4"CHR$ (13 j “P 
CHRf(10) +CHR$(3) 

PR I NT 81, “LB Sen t ‘ SC0,10000,0,7000 ;’” + 
CHR$ 113 j +CHR$ (10) +CHR$ (3) 

PRINT 81, “LB 2 plotter units per user 
unit”+CHR$(3) 


305 ’Section 3 - Turn oft scaling, move P1/R2 
310 PRINT 81, “SR1.2,2.4;IF100,-6000,9000,-100; 
SC;’’ 

320 PRINT 81, “SP3;PU-10000,-7000; ” 

330 PRINT 81, “PD-100,-7000,-100,-100, 
-10000,-100,-10000,-7000; ” 

335 ’ 

340 PRINT 81, “PU-5000,-3500; ” 
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350 13LIbLIB 600 

~j C C 1 

360 PR I NT til, “ PU -3000, -1300; LB8 3 ” +CHR$ f 3) 

370 PRINT 81, “PU-10000,-7000;SI;CP3,4;PR0,0;PA; ” 
380 PRINT 81, “LBNbw PI F'2 locations set with IP 
i ns t rue t i on: no sea ling” +CHR$ (13) + 

CHR3(101 +CHR$(3) 

390 PRINT 81, “LB Sent ‘ IP100,-6000,9000,-100; 

SC: ’ ”+CHR$(3) 

395 ' 

400 ’Section 4 - New PI-'PS, isotropic scaling 
410 PRINT 81, “IP;SR1.2,2.4;IP100,-6000,9000,-100 
SC0,10000.0,6629; ” 

420 PRINT 81, “F'U0, -1123;SP4: ” 

430 PRINT 81, “PD11123,-1123,11123,6629,0,6623, 
0,-1123; ” 

435 ’ 

440 PRINT 81, “PU5000,5979; ” 

450 GDSIJB 600 
455 ’ 

460 PRINT 81, “PIJ'9000,5629; ” 

470 PRINT 81, “LB8 4”+CHR$(3) 

480 PRINT 81, “PIJ0, -1123:31 ;CP3,4;PR0,0;PA; ” 

490 PRINT 81, “LBSarne P1/R2 locations as 83; 
isotropic scaling”-f-0HR$(13) + 

CHRf(10 j +CHR3(3) 

500 PRINT 81, “LB Sent 4 SC0,10000,0,6629; ’ ” + 
CHR3 (13) +CHR$ (10) +CHRS (3) 

510 PRINT 81, “LB .39 plotter units per user 
unit”+CHR3(3 j 

515 ’ 

520 PRINT 81, “SP0; ” 

530 END 

ir j c ( ' 

600 ’draws a circle, an equilateral triangle, 

605 ’and a square 

620 PRINT 81, “PR;PU-600,-600;C1500;PU1200,0; ” 

630 PRINT 81, “PD250,-500,-500,0,250,500; ” 

640 PRINT 81, “PU-350,-700; ” 

650 PRINT 81, “F'D-500,0,0,-500,500,0,0,500;F'U; ” 
660 PRINT 81, “PR;” 

670 RETURN 
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Example 2: Moving a Scaled PI 

This program illustrates that scaling moves with subsequent 
changes in the location of PI. This allows you to plot a figure 
using absolute coordinates anywhere on the page by changing 
the location of the scaled PI point. The figure is drawn at the 
same scaled location each time it is drawn; only Pi moves. The 
scaling is isotropic. 


10 ’Insert configuration statement here 
20 PRINT 81, “IN;IP-4200,-6900,4200,6900;” 

30 PRINT 81, “SC0,5000,0,8214; ” 

40 

50 ’label from scaling origin (0,0) 

60 PRINT 81, “SPl;PR0,0;LQ2;LBQriginal 
PI: -4200,-6900”+CHR$(3) 

70 

80 ’draw figure 

90 GiJSUE! 400 

100 ’ 

110 ’change PI only; P2 follows 
120 PRINT 81, “ IP-4200, -2300; ” 

120 PRINT 81, ’’PR0,0;LBF'l set toi -4200,-2200 + 
CHR$(3) 

150 GO SUB 400 
160 ’ 

170 ’change PI, label, draw figure 
180 PRINT 81, “IP-4200,2300; ” 

190 PRINT 81, “PR0,0;LBP1 set to: -4200,2300” + 
CHR$(3) 

200 IJIJSLIB 400 
210 ’ 

220 ’change PI, label, draw figure 
230 PRINT 81, “IP-2300,0: ’’ 

240 PRINT 81, “PR0,0;LBP1 set to: -2300,0” + 

2H-$(3j 

250 GIJSIJB 400 
260 

270 ’last PI change 

280 PRINT 81, “ IP2520, -4140; ” 
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290 PRINT 81, “Pfl0,0;LBPl set to: 2520,-4140” + 
CHR$(3) 

300 G05UB 400 
310 ’ 

320 ’return PI to original values; label scaling 
340 PRINT 81, “IP-4200,-6900; ” 

350 PRINT 81, “3C;PU0,9000;LO5;SI.45,.65;CP0,-5;” 
360 PRINT 81, “LBDrawn with scale 
SC0,5000,0,8214 ” +CHR$(3) 

370 PRINT 81, “SP0; ” 

380 END 
390 

400 ’draws a house using absolute coordinates 
410 ’main structure, roof, chimney, door, 

420 ‘window frame, panes, address 

430 PRINT 81, “PU500,500;PD;EA1500,100; ” 

440 PRINT 81, “PD1000,800,1500,500; ” 

450 PRINT 81, “PU1300,620;PD1300,710,1200,710, 
1200,680; ” 

460 PRINT 81, “PU700,10@;PD700,400,900,400, 

900,100; ” 

470 PRINT 81, “ PU1200,300;PD;EA1400,200;” 

480 PRINT 81,“ PU1300,200;PD1300,300;PU1200,250; 
PD1400,250;PU; ” 

490 PRINT 81, “81.15,.25;L04;PU800,420;LB7570H’’ + 
CHR$(31 

500 ’re s t o r e p r o g r a m d e f a u Its 
510 PRINT 81, “SI ;L02; ” 

520 RETURN 
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Drawn with scale SCO, 5000, 0, 8214 



PI set to: -4200. 2300 



PI set to: -2300, 0 



7570A 


I I 

PI set to: -4200, -2300 



7570A 

n = 


PI set to: 2520, -4140 



7570A 


I I 53 I 

Original PI: -4200, -6900 
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Example 3: Using a Window 

This program illustrates how a window restricts plotting to a 
specific area. The program first sets PI and P2 to define an area 
on the left side of the paper, and then scales the area isotropically. 
After drawing the figures, the program moves only PI to the 
right side of the paper (P2 tracks). The program then establishes 
a window to restrict plotting to this top of the paper so that one of 
the figures is within the window area and the other is outside of 
the window. After drawing only what is within the window, the 
program removes the window and labels the area. 


10 "Insert configuration statement here 


15 

’sets PI s. 

nd P2 to left side of paper 

20 

PRINT HI, 

“ IN;IP-3950,-6650,-300,6650; ” 

05 



35 

’frames Pl/F'2 area; labels 

40 

PRINT HI, 

“SRI;PU-4200,-6900;ER-50,6900; ” 

50 

PRINT HI, 

“ PR-3950, -6650; Cl20 ;L011; LBF'l ” + 


CHP.$ f 

3) 

60 

PRINT HI, 

“PA- 300,6650; C120; L019; LBF'2 ” +CHRS (3 

70 

PRINT 81, 

“PIJ-3950,6650;CP0, -3;L01; ” 

80 

PRINT 81, 

“LBNo window; sent’’-pCFiRSf 3) 

30 
i r-i5 

PRINT 81, 

‘ 1 CP;LB‘SC0,3830,0,13956;’ ” +CHR$(3) 

_l u 

115 

’scales at 

ea and draws figures 

120 

PRINT 81, 

“SC0,3830,0,13956; ” 

130 

PRINT 81, 

“PA1915,7350;” 

140 

1 4 c 

GO SUE! 405 


205 

’ resets PJ 

. (P2 tracks), labels, frames area 

210 

PRINT 81, 

“ IP300,-6650;SC; ” 

220 

- r 

PRINT 81, 

“PU50,-6900;EA4200,6900; ” 

230 

PRINT 81, 

‘ ‘PU300,-6650;C120;L011;LBP1”+CHR$(3 

240 

PRINT 81, 

“PU3950,6650;3120;L019;LBP2 ” +CHR3f 3 

245 

’sets wine 

low and draws figures 

250 

PRINT 81, 

“ 5C0,3830,0,13956; ” 

26.0 

PRINT 81, 

“IW0,6978,3830,13956; ” 

270 

PRINT 81, 

“PU1915,7350; ” 

280 

GOSUB 405 
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O IT “ 

295 ’ ou11 i nes wi ndow a rea 

300 PRINT ttl, “LT-2;PU0,6978;PD3830,6978, 

3830,13956,0,13356,0.6378; F'U;"’ 

310 PRINT ttl, “LT; IN: ” 

315 ’ 

325 ’in dicat e the win d ow 

330 PRINT ttl, “SC;PU300,0;CP.5,-1;Cfl5;SR;LBs ” + 
CHR$(15)+CHR$(3) 

390 PRINT ttl, “CP;LBWindow; sent ”+CHR$(3) 

350 PRINT ttl, “CP;LEi‘ IW0,6378,3830,13956; ’” + 

CHRS(3) 

360 PRINT ttl, “SP0; ” 

370 END 

405 ’draws two houses 
415 ’drawing the left house 

420 PRINT ttl, “SP2;PR;PU-1700,1700;ER2000,-1600; ” 
430 PRINT ttl, “PD1000,1200,1000,-1200; ” 

440 PRINT ttl, “F'U-400,480;PD0,360,-200,0,0,-120; ” 
450 PRINT ttl, “PJ-1000,-2320;PD0,1200,400,0, 
0,-1200; ” 

460 PRINT ttl, “PU600,300;ER400,-400; ” 

470 PRINT ttl, “PU200,-400;PD0,400;PU-200,-200; 

PD400,0; F'U; ” 

480 ’label address and return to carriage return point 
490 PRINT ttl, “SI.15, .25;LO4;PU-1200,680;LB7570A” + 
CHR$[13)+CHR$(3) 

505 ’ 

515 ’drawing the bottom house 

520 PRINT ttl, “PU300,-3500;PD;ER2000,-1600; ” 

530 PRINT ttl, “PD1000,1200,1000,-1200; ” 

540 PRINT ttl, “F'U-400,480;F'O0,360,-200,0,0,-120; ” 
550 PRINT ttl, “PU200,-2320;PD0,1200,-400,0, 

0,-1200; ’’ 

560 PRINT ttl, “RIJ-E00,800;ER-400, -400; ” 

570 PRINT ttl, “PU-200,0;PD0,-400;PU-200,200; 

PD400,0; F'U; ” 

580 PRINT ttl, “SI.15. .25;LO4;PU800,680;LE!1350” + 
CHRS(3) 

585 ’ 

595 ’restore defaults 

600 PRINT ttl, “SI ;L01 ;Ph;SP1; ” 

610 RETURN 
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Example 4: Rotating a Plot 

This sample plot is especially effective when drawn on C-size 
paper. The following program illustrates the effects of rotation 
on a plot drawn using absolute coordinate values. It also shows 
the effects of anisotropic scaling on circles. 

The first figure, a pencil, fits along the X-axis when drawn un¬ 
rotated. When the front-panel rotate button is pressed, the ends 
of the pencil are clipped. (You would observe the same effect if 
you sent RO90; to the plotter before drawing the pencil.) 

After drawing the pencil, the plotting area is scaled isotropically 
for unrotated Pi and P2 values. Since pressing the front-panel 
rotate button sets PI and P2 within the hard-clip limits, a rotated 
plot with the same scaling is anisotropic. Anisotropic scaling 
will distort geometric shapes such as circles so that they are 
drawn as ellipses. 

10 ’Insert configuration statement here 
20 PRINT ttl, “IN; ” 

30 

40 ’display message to computer monitor 
50 PRINT “If you want a rotated plot, press 
plotter’s ROTATE button. ” 

60 INPUT “Press the ENTER key on the computer 
to continue. ” , A3 
70 

80 ’draw the pencil 

90 PRINT ttl, “SP1;PU-9800,0; ” 

100 PRINT ttl, “PD-8800,200,9800,200,9800, -200, 

-8800,-200,-3800,0: ” 

110 PRINT ttl, “PU;PM0;F'D-9400,80, -9400, -8@, 

- 9800,0; PI12; FT; FP; ’’ 

120 PRINT ttl, “PU-8800,200;PD-8800, -200;PU; ” 

130 PRINT ttl, “PIJ7800,200: ’’ 

140 PRINT ttl, “PM0;PD8800,200,8800,-200,7800,-200, 
7800,200;PU;PM2; ” 

150 PRINT 81, “FT3,40,0;FP;FT;’’ 

160 PRINT 81, **SP2;PU5300,0;LBNo. 2 Pencil” + 

CHR3(3) 
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170 ’ 

180 ’draw a frame around plot 

190 PRINT ttl, “SP3;PU-10100, -7200; ” 

20© PRINT ttl, “ER10100,7200: ” 

210 ’ 

220 ’isometric scale for un rota ted P1/P2 values 
230 PRINT ttl, “SC0,9800,0,6900;SP4; ” 

240 ’ 

250 ’draw the circles 

2G0 PRINT ttl, “PU4900,5175;C1500; ’’ 

270 PR I NT ttl, - PU3900,4175; Cl500; ” 

280 PRINT ttl, “PU5900,4175;CI50©; ” 

290 ’ 

300 PRINT ttl, “SP0; ” 

310 END 
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Example 5: Digitizing (HP Series 200 
BASIC) 

This program was written on an HP9000, series 200 computer 
using BASIC 3.0 and the standard HP-IB interface. It illustrates 
one way you can use DraftPro as a digitizer. This program lets 
you enter up to 250 digitized points. 

The program uses the IM instruction so that the plotter generates 
a service request (SRQ) whenever a digitized point has been 
entered. All other status conditions are masked such that they do 
not generate a service request. The key loop for generating the 
SRQ and entering points is in lines 570-750. 

When all points have been digitized, the program prompts you to 
load a clean sheet of paper and enter a pen number to draw a test 
plot of the digitized data. In a real application, the data would 
likely be stored in a file for plotting later. 

Note that although this program is written expressly for digitiz¬ 
ing, you can expand it to include other functions needing com¬ 
puter processing attention. 


10 

COM I- it r _ 

block/ INTEGER I,X(1:250),Y(1:250), 


P (1:2 

50),Sic,Ifcode 

20 

! 


30 

INTEGER 11prior, Iritr.mask, Ime, Ims, Imp 

40 

DIM fl$[l]. 

Clear _crt$[ 2 ]Esc_dot$[ 2 ] 

50 

i 


60 

70 

! Initial! 

i 

ze variables 

00 

I fpr ior=E 

! interface priority 

90 

Intnnask— 

2 ! I/F mask fo r service request only 

100 

I f code—7 

! interface code 

110 

Sic—70S 

! select code for plotter 

120 

! 


130 

Ime=223 ! 

IM error mask (errors 1-5 and 7) 

140 

I ms=4 ! 

IM serial mask (digitize point avail 

150 

Imp—0 ! 

IM parallel mask (no parallel poll j 

160 

! 


170 

1=1 ! 

Data array index 
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130 ! 

190 Esc_dot$=CHR$(2?)&“ . ” ! Set prefix for device- 

200 ! control instructions 

210 Clear_ or t$=CHR$(255)&CHR$(75) ! Sent toKBDwill 
clear screen 

220 ! 

230 ! 

240 ABORT If code ! Clear the If 
250 ! 

260 OUTPUT KBD;Clear_crt$ END 
270 ! 

230 ! Prompt user to load drawing to be digitized and 

to remove digitizing 

290 ! sight if in the pen arm of the plotter 

300 ! 

310 PRINT TABXY(4,5); “REMOVE the digitizing sight 
from the pen arm of the plot” 

320 PRINT TABXY(4,7); “Load the drawing to be 
digitized in the plotter and press 
CONTINUE. ” 

330 PAUSE 
340 ! 

350 OUTPUT l<BD;Clear_crt$ END 
360 ! 

370 ! Initialize the plotter using hP instruction to 

330 ! disable automatic pen put away and pen pick up. 

330 ! 

400 OUTPUT Sic; “RO0;IN;SP0;AP0; ” END 
410 ! 

420 ! Instruct user on how to enter data points 

430 ' 

440 PRINT TABXYf 4,2); “PLACE DIGITIZING SIGHT IN 
PEN ARM” 

450 PRINT TABXYf 4,5); “Do the following for each point 
you want to digitize: ” 

460 PRINT TABXYf 6,7); “1) Place the sight in the down 
position. ” 

470 PRINT TABXY(6,9); “2) Use the cursor buttons on 
the plotter to position the sight” 

4G0 PRINT TABXYf 9,10); “over the next point. ” 
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490 PRINT TABXY(6,12); “3) Raise the sight if you want 
the pen to move here without drawing. ” 

500 PRINT TABXY(6,14); “4) Press the plotter’s Enter 
button to digitize the point. ” 

510 PRINT TABXY(6,16); “5) Repeat until all points are 
digitized. ” 

520 ! 

53© ! Send IN for SRQ on digitize point available 

540 ! 

550 OUTPUT Sic USING “K,K,2( ” “ , ” “ ,l<) 

“ IN” ; Irne; I ms; Imp 

560 ! 

570 ! Enable interrupts on the computer 

580 ! 

590 ON INTR If code, Ifprior CALL Enter_pt 
£00 ENABLE INTR If code; Intr_masl< 

610 ! 

620 ! Enter the digitize state and place computer 

630 ! into wait state until all points entered. 

640 ! 

650 ON KEY 4 LABEL “DONE” ,9 GOTO End,entry 
660 OUTPUT Sic; “DP; ” END 

670 PRINT TABXY(4,18) ; “Press computer softkey DONE 
when all points have been entered. ” 

680 ! 

£90 Idle: ! WRIT for user to enter all points 
700 GOTO Idle 
710 ! 

720 End_entry: ! Points digitized 
730 OFF KEY 4 
740 ! 

750 DISABLE INTR Ifcode 

760 OUTPUT Sic; “DC; ” END ! Exit digitize mode 
770 1 = 1-1 ! point to last point entered 

780 ! 

790 ! 

300 OUTPUT KBD;Clear_crt$ END 
810 ! 

820 ! Prompt user to remove the digitizing sight and 

330 ! digitized drawing, then load paper and enter pen 

840 ! number for drawing plot. 

850 ! 
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S60 PRINT TABXY(4,3 ]; “REMOVE the digitizing sight. ” 

870 PRINT TABXY(4,5); “REMOVE the digitized drawing. ” 
830 PRINT ThBXY( 4,7) ; “Load paper for a test plot.” 
890 INPUT “When you are ready to draw, ENTER the pen 
number to use. ” ,Peno 

900 ! 

910 1 Get the pen arid draw the plot 

920 ! 

930 OUTPUT KBD;Clear_crt$ END 
940 DI5F 1 “Making test plot” 

950 OUTPUT Sic USING “K,K, ” “ ; ” “ ,8” ; “SR” ;Peno 
960 CALL Draw.plot 
970 ! 

980 DISP “Plot instructions sent. Remove the test 
plot when error reported. ” 

990 OUTPUT Sic; “SP0;OE; ” END ! Check for errors 
10010 ENTER 91c;Err_hpql 
1010 ! 

1020 OUTPUT Sic; “IN; ” END ! restore auto-pen features 
1030 ! 

1040 DISP “HP-GL Error reported ”;Err_hpgl 
1050 END 
1060 ! 

1070 ! 

20@0 Enter_pt: ! 

2010 ! 

2020 SUEi Enter.pt ! Interrupt routine to retrieve 
digitized points 

2030 ! 

2040 COM /Intr.block/ INTEGER I,X(1:250),Y(1:250), 

P[1:250),Sic,Ifcode 

2050 ! 

2060 INTEGER Maxi,Reply 
2070 ! 

2080 Maxi =250 ! maximum array size 
2090 ! 

2100 Rep 1 y=5P0LL (S1 c) 

2110 ! 

2120 DISP “Max. Points is ” ;Maxi ; “ Entering point ” ; I 
2130 ! 

2140 IF NOT BIT(Reply,b) THEN 

2150 ! was not the plotter that interrupted 
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2160 DI5F 1 “Plotter did not cause interrupt. Press 
CONTINUE to exit routine.” 

2170 PAUSE 

2100 GOTO No_point 

2190 ELSE 

2200 IF NOT BIT (Reply, 2) THEN 

2210 ! improper serial mask 

2220 DISP “Plotter sent SRQ for status byte ” ; 

Reply; “ Press CONTINUE to exit routine. ” 
2230 PAUSE 

2240 GOTO No_point 

2250 ELSE 

2260 ! SRQ for digitize point 

2270 OUTPUT Sic; “DD; ” 

2280 ENTER 51 c; X (I ), V (I j, P (I) 

2290 1=1+1 

2300 END IF 

2310 ! 

2320 END IF 
2330 ! 

2340 IF I>Maxi THEN 

2350 \ array used up; tell user, exit digitize mode 

2360 DISP “Data space is filled. CANNOT digitize any 

more points. ” 

2370 GOTO No_point 

2380 END IF 
2390 ! 

2400 OUTPUT Sic; “DP; ” END ! Set plotter for next point 
2410 ! 

2420 No_point: ! unable to enter a point 
2430 ! 

2440 ENABLE INTR Ifcode ! enable interrupts 
2450 SUBEND ! Enter_pt 
2460 ! 

2470 ! 

3000 Draw_plot: ! 

3010 ! 

3020 SUB Draw.plot ! plots the data with current pen 
3030 ! 

3040 COM "Intr_blocl<x INTEGER I ,Xf 1:250), Y(l:250), 

P(1:250),Sic,Ifcode 

3050 ! 
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KPB 3060 INTEGER J,Pstate 

WEB 3070 

iBtsB 3080 F'state=P( 1 j 

Bjjjfl 3080 IF Pstate—0 THEN 

K9 3100 OUTPUT Sic; “PU” END 
3110 ELSE 

I ffJ 3120 OUTPUT Sic; “PD” END 

3130 END IF 

3140 OUTPUT Sic USING “K, ” “ . ” “ ;X(1) ,Y(1) 

3150 ! 

3160 FOR J—2 TO I 
3170 IF P( J JOPstate THEN 

3180 ! Change pen status 

3190 Pstate=P(J) 

3200 IF Pstate=0 THEN 

3210 OUTPUT Sic; “ :PIJ” END 

3220 ELSE 

3230 OUTPUT Sic; “ :PD” END 

3240 END IF 

3250 OUTPUT Sic USING “K, ” “ , ” “ ; X ( J ),V( J ) 

3260 ! 

3270 ELSE 

3280 ! just send coordinates 

3290 OUTPUT Sic USING “2( ” “ , ” “ ,l<) ,8” ;X(J J; 

V (J) 

3300 END IF 

3310 NEXT J 
3320 ! 

3330 OUTPUT Sic; “ ;PU; ” END ! Pick up pen 
3340 ! 

3350 SUBEND ! Draw.plot 
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Using Kanji 


In the DraftPro plotter, the Kanji character set includes sets 100 
and 101. These sets are independent of each other. Set 100 con¬ 
tains only nonprinting control characters (ASCII codes 0 through 
32); this set does not contain any printing characters. Set 101 
contains nonprinting control characters (ASCII codes 0 through 
32) and 3418 printing characters. The printing characters are 
arranged in eight distinct printing character groups. The char¬ 
acter groups are as follows. 

• General graphic characters — punctuation marks, arith¬ 
metic and logical symbols, and miscellaneous graphics 
characters. 

• Digits — Arabic numerals from zero to nine. 

• Latin alphabet — upper- and lowercase letters from A 
through Z. 

• Hiragana characters — 83 Hiragana characters. 

• Katakana characters — 86 Katakana characters. 

• Greek alphabet — upper- and lowercase letters from Alpha 
through Omega. 

• Cyrillic alphabet — upper- and lowercase letters from A 
through Ya. 

• Kanji characters — 2965 Kanji characters. 
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In both sets 100 and 101, the Kanji control characters are the 
same as in the other DraftPro character sets. 

Accessing the Kanji Character Set 

You designate either Kanji set for use as the standard or alternate 
character set just as you do other character sets: with the CS 
(Designate Standard Character Set) or CA (Designate Alternate 
Character Set) instructions. Of the two sets, only set 101 contains 
printing characters. For this reason, you will probably only want 
to use set 101 as either the standard or alternate character set. 

You can access and use the nonprinting control characters in set 
101 similarly as when labeling with other character sets. How¬ 
ever, because of the quantity of printing characters in set 101, 
you must supply two pieces of information (i.e., two bytes) to 
access and draw any printing character. To draw printing char¬ 
acters, both bytes must be within the ASCII decimal value range 
33 to 126. The first byte accesses the character group, the second 
byte accesses the printing character within the group. The fol¬ 
lowing table lists the valid first byte values and the character 
group they access. Since only some of the character groups use 
all of the available 94 ASCII codes (33-126), the table also lists 
the valid second-byte ranges for the printing characters in that 
group. 


First Byte 

Character 

Second Byte 

Value 

Group 

Value Range 

33 

General Graphics 

33-126 

34 


33-46 

35 

Numbers 

48-57 

35 

Latin alphabet 

65-90,97-122 

36 

Hiragana 

33-115 

37 

Katakana 

33-118 

38 

Greek alphabet 

33-56,65-88 


(Table continues) 
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First Byte 
Value 

Character 

Group 

Second Byte 

Value Range 

39 

Cyrillic alphabet 

33-65,81-113 

48-78 

Kanji 

33-126 

79 


33-83 


For example, the first printing character in the general graphics 
character group would be specific by it’s group character byte 
then the first byte of the valid printing character range; in this 
case 33,33. The first printing character of the Cyrillic alphabet is 
39,33. The last printing character of the Kanji group is 79,83. 

If you specify two bytes within the 33-126 range for which there 
is no printing character, the plotter draws a substitution char¬ 
acter. The substitution character is four dots set in a square 
configuration. All of the printing characters for set 101 are shown 
at the end of this appendix. 

You can specify each byte using the BASIC CHR$ function, or 
by using the corresponding keyboard character for that byte 
value. For example, when character set 101 is selected, the follow¬ 
ing examples access the same Kanji character. 

“LB” ;CHR$;S5);CHR$(42);CHR$(3) 

or 

“LBfi*” ;CHR$(3) 



On many keyboards, ASCII decimal value 65 corresponds to the 
capital letter A and decimal value 42 corresponds to the asterisk 
character (*). You can use either method to access Kanji 
characters. 

When labeling with Kanji characters, you can use the DV (Direc¬ 
tion Vertical) instruction to label the characters vertically. In 
vertical mode, a carriage return moves the pen up to the carriage 
return point, instead of moving left to the carriage return point. 
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A line feed, on the other hand, causes the pen to move to the left 
instead of down. Labeling in vertical mode, then, is from top to 
bottom, right to left. 

The following illustrates carriage returns and line feeds in ver¬ 
tical mode. Note that the listing uses both methods accessing 
Kanji characters. 

10 ’Insert configuration statement here 
20 PRINT 81, “IN;SP1;PR0,0:’’ 

30 PRI NT 81, “C50;CR101;Sfi;DV1:’ ’ 

40 PRINT 81, “LBJ8;z”+CHR$(13)+CHR$(10) + 

CHRS(3) 

50 PRINT 81, “LB” ;CHR$(37)+CHR$(59) ;CHR$(37) + 

CHR$(67); CHR$(37)+CHR$(72 j;CHR$(10) + 

C HR'S (3) 

60 PR I NT 81, “35: LB101” +CHRS f 3) 

70 PRINT 81, “SP0; ” 

80 END 

V X 
"> X 
h 

1 

0 

1 

In the first column (at the far right), the first character is accessed 
using the characters “J8”; the second character is accessed by 
the characters “;z”. The characters in the second column are 
accessed using ASCII decimal values. 
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Using Kanji Characters in Symbol Mode 

The SM (Symbol Mode) instruction has been modified for use 
with set 101. Usually the SM instruction lets you specify only a 
single character for use in symbol mode. When you are using 
character set 101 you specify two characters to properly define 
your character. Symbol mode allows you to define a single print¬ 
ing character to use as a symbol in geometric drawings or graphs. 
When you are not using character set 101, you can specify only 
one character byte for the symbol. If you specify more than one 
byte or character, only the first character byte is used. 

In symbol mode, both of the character bytes you specify must be 
within the printing character range. However, note that printing 
character 33,33 is a space, which terminates symbol mode. If 
either the first or second character is a printing character but the 
other character is a nonprinting control character (has a value of 
32 or less), then symbol mode is terminated. If it is the second 
character that is a control character, then the plotter also gen¬ 
erates an “out of range” error. 

Note that you cannot specify one character and then use a semi¬ 
colon to terminate the SM instruction. Symbol mode will use the 
semicolon as the second byte that defines your symbol character. 

Terminating Kanji Labels 

The DT (Define Label Terminator) instruction has not been modi¬ 
fied for character set 101. There is no two-byte form of the DT 
instruction. The default label terminator is the ETX (end of text) 
character (ASCII decimal code 3). Only ASCII codes 1-9,11-26, 
28-31, or the space character (ASCII decimal code 32) can be 
used as label terminators. You cannot use the LF character 
(decimal code 10) or the ESC character (decimal code 27). Nor can 
you use the semicolon (decimal code 59). If the DT instruction 
defines a printing character as a label terminator, that character 
terminates labels for all character sets but set 101; the designated 
terminator for set 101 is not altered. 
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The Kanji Character Set 

The following pages show the characters in set 101. Note that 
the value of the first byte (which specifies a particular group of 
characters) is listed vertically along the side of the page. The 
second byte (which specifies a particular character in the group) 
is listed horizontally across the top of the page. The illustration 
below shows how the characters Eire arranged on the following 
pages. 


33 

39 

48 

53 

54 

66 

67 

79 


33-44 45-56 57-68 69-80 81-92 93-104 105-116 117-126 


D-7 

D-8 

D-9 

D-10 

D-ll 

D-12 

D-13 

D-14 

D-15 

D-16 

D-17 

D-18 

D-19 

D-20 

D-21 

D-22 

D-23 

D-24 

D-25 

D-26 

D-27 

D-28 

D-29 

D-30 


D-6 Using Kanji 







Using Kanji D-7 


D. Using Kanji 






















D. Using Kanji 


Decimal 

Value 


SECOND BYTE 


45 46 47 48 49 50 51 52 53 54 55 56 
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SECOND BYTE 

69 70 71 72 73 74 75 76 77 78 79 


tt MU , , ( \ r 1 


EFGH I JKLMNOP 
lift t' f i iz ft la © u i i 
"J 7 7 i F f i j % ) a A 


IIIIS O fi O 1 I 

iistiaiisas* 

l§lli$li8IS! 

ftfSSISfSlIfitfl 
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SECOND BYTE 

01 82 83 84 05 06 87 80 89 90 91 92 


I <>()[][ I I I + 


37 

F 

I 

R 38 

S 

T 

39 

B 

Y 

T 48 
E 


QRSTUVWXYZ 

\i i) l! U 'x Y 'x 8 8 

)i t f f J 1 1 A \ < ,1s Is 


p 0 x 0 f> i ip a . 

a 6 b r a e e * 3 m m k 

I I I I ! 1 1 § § § I g 

1 « H I U ® S I I I 

8IIISI111SSS 
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Decimal 

Value 


SECOND BYTE 

93 94 95 96 97 98 99 100 101 302 103 104 


- t X 7 


t < > i l * : 


35!' ' ' '' a b c d e f g h 

q 7 /1 \ 1 ^- 3 ^ 


H 0 


p c t y 


x H 


IlliJIiilttll 

llRlllSiSfilfl 

IsllllSlltoBS 

AlsSSileSlIfi 

stseacsaasass 


a ^ 

ffl i I 
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SECOND BYTE 
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Glossary 


Absolute Plotting — Plotting to a point whose location is specified 
with respect to the fixed origin (0,0). 

Address — The address specifies the plotter’s location on the HP- 
IB (IEEE-488) interface cable (bus). 

Arc — A portion of the circumference of a circle. 

ASCII — American Standard Code for Information Interchange. 
A 7-bit code representing character data such as letters, punctua¬ 
tion, symbols, and control characters; includes an eighth bit 
which can be used for parity. Used by many computers and 
peripheral devices. 

Baud Rate — For an RS-232-C interface, the data transmission 
rate between the computer and the plotter. 

Bit — Binary digit; a bit represents an “on” or “off’ electrical 
condition and is the smallest piece of information a computer 
can handle. 

Buffer — A part (or parts) of the computer or plotter’s memory 
where data is held until it can be processed. Usually refers to an 
area reserved for I/O operations. 

Bus — Short for HP-IB (IEEE-488) interface. 

Byte — Eight bits; the size of a computer word. Used by ASCII 
binary code to represent alphanumeric characters. 

Carriage-Return Point — The point the pen moves to when the 
plotter receives a carriage return (while in label mode). 

Character Origin — The lower-left comer of a character (i.e., the 
lower-left comer of the character plot cell). 

Character Plot Cell — The area in which characters are drawn. 
The character plot cell is one space wide by one line high. The 
character occupies the lower-left portion of the cell, so that there 
is a blank area to the right and above the character. 
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Character Set — A group of characters, each of which is defined 
by a unique ASCII binary code. Typically, a character set con¬ 
tains related characters, such as a character set composed of 
math symbols, or characters in a foreign language. 

Chord — A straight line joining two points on an arc or on the 
circumference of a circle. 

Chord Angle — The allowable deviation from a perfectly smooth 
circle or arc. The chord angle determines the number of chords 
(and thus the smoothness) used to draw a circle or an arc. 

Clipping — Restricting plotting to a rectangular portion of the 
plotting area. 

Communication — Data exchange between two or more devices. 

Configuration — The way in which computer equipment is inter¬ 
connected and set up to operate as a system. 

Constant — A number with a fixed value. The coordinates of the 
point 10,20 are constants. 

Control Character — A character that starts, modifies, or stops 
computer or peripheral operation. 

Cross-Hatch — A fill type that consists of one set of parallel lines 
drawn at a 90-degree angle to another set of parallel lines. 

Current Units — Plotter units (if scaling is off) or user units (if 
scaling is on). 

Debug — To find and eliminate mistakes in a computer program. 

Decimal Code — The decimal equivalent value of an ASCII char¬ 
acter. Refer to the ASCII code table in Appendix B. 

Default — A value or condition that is assumed if no other value 
or condition is specified. 

Digitize — A process of converting a physical position (defined 
by X,Y coordinates) to digital information, so that it can be 
understood by the computer. 


G-2 Glossary 




Glossary (Continued) 


Edge — The outline of a polygon. 

End of File (EOF) — A “marker” that signals the end of a file. 

Execute — To carry out an instruction or perform a routine. For 
example, when a plotter executes the select pen instruction, it 
gets a pen. 

File — A set of characters, numbers, and punctuation treated by 
the computer as a single unit. 

Fill Type — The shading pattern used to fill a polygon. 

Grid — A network of uniformly spaced horizontal and perpendic¬ 
ular lines. 

Handshake — Communication between the computer and plotter 
about the availability of I/O buffer space in the plotter. The 
purpose of handshaking is to ensure correct and complete data 
transfer. The plotter can use the following handshakes: hardwire, 
Xon-Xoff, enquire-acknowledge, and software checking. 

Hard-Clip Limits — That part of the plotting area beyond which 
the pen physically cannot move; the mechanical limits of the 
plotter. 

Hatch — A fill type made of parallel lines. 

HP-GL — Hewlett-Packard Graphics Language; the graphics in¬ 
struction set Hewlett-Packard plotters understand. 

HP-IB — Abbreviation for Hewlett-Packard’s Interface Bus. 
Hewlett-Packard’s version of IEEE Standard 488-1978 for inter¬ 
facing programmable devices (e.g., computers, plotters, and 
printers). 

IEEE 488-1978 Interface — A parallel interface standardized by 
EIA* Standard 488-1978. 

Initialize — To set plotter conditions to known default values. 


*Electronic Industries Association. 
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Input/Output (I/O) — Relating to the equipment or method used 
for transmitting information between (in and out of) devices. 

Interface — Anything (a cable, for example) used to join compo¬ 
nents of a computer system so that they are able to function in a 
compatible and coordinated fashion. Standards which allow sys¬ 
tems to connect to each other, i.e: RS-232-C, HP-IB (IEEE-488). 

I/O Error — An error that occurs in the transmission process be¬ 
tween a computer and peripheral. Examples of I/O errors are 
baud rate and/or parity mismatch, and incorrect syntax asso¬ 
ciated with device-control instructions. 

Label Mode — The HP-GL label instruction, LB, causes the plotter 
to print text until it receives a special label terminator. This is 
known as label mode. 

Label Terminator — The final character in every label string. This 
character terminates label mode, so that the plotter interprets 
subsequent characters as HP-GL instructions. 

Line — The height of the character plot cell; the line includes 
both the character and blank area above it. The default size of a 
line is 2 times the height of a capital A. 

Line Feed (LF) — A non-printing ASCII character that moves the 
plotter pen down one line (when in label mode). 

Literal String — When using BASIC, any sequence of letters, 
numbers, and symbols enclosed in quotation marks. Literal char¬ 
acters are taken literally to represent themselves. 

Mnemonic — An abbreviation that is easy to remember. HP-GL 
instructions are two-letter mnemonics that represent the function 
of the instruction. For example, SP for select pen, and LT for line 
type. 

Modem — Modulator-demodulator. A device which links a com¬ 
puter to another device, commonly used with telephones and 
telephone transmission lines. A modem acts as a data translator 
between devices. 
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Modulo — A method of converting an out-of-range parameter into 
an acceptable parameter. For example, when using arc and circle 
instructions, the upper limit of an jingle parameter is 360 degrees. 
Should you send a parameter of 1000 instead of 0 to 360, the 
plotter divides 1000/360 and uses the remainder as the parameter. 

Operating System — The computer software or firmware that con¬ 
trols the execution of programs. 

Output Terminator — The characters) sent by the plotter at the 
end of the response to an output instruction. 

Overflow — To exceed the capacity of a buffer’s storage space. 

Parameter — One or more characters following an HP-GL mne¬ 
monic. The parameters govern how the instruction is executed 
by the plotter. For example, using a parameter of 2 with the select 
pen instruction, SP2;, directs the plotter to select pen number 2; 
using a parameter of 1 directs the plotter to select pen number 1. 

Parity — An error-checking method for information transfer be¬ 
tween a computer and a peripheral device. Parity is used to check 
the accuracy of binary data. 

Parse — When an instruction is parsed, it is broken into com¬ 
ponents so that it can be executed. For example, an HP-GL in¬ 
struction would be broken into a mnemonic, parameters, separa¬ 
tors, and a terminator. 

Plotter Units — The fixed units the plotter understands. Each 
plotter unit is 0.025 mm. 

Point — A location in the plotting area defined by an X,Y coor¬ 
dinate pair. 

Poll — In an HP-IB (IEEE-488) configuration, polling is a process 
used by the computer to determine which device is requesting 
service. 

Polygon — A closed shape. Polygons can be simple shapes such 
as circles, rectangles, and wedges, or more complex shapes such 
as block letters. 
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Polygon Buffer — A portion of the plotter’s buffer that stores the 
polygon that is being defined. 

Polygon Mode — A mode established by the PM instruction. In 
this mode, the points used to define a polygon are temporarily 
stored in the plotter’s polygon buffer (rather than being executed). 

Relative Plotting — Plotting to a point whose location is specified 
relative to the current pen position. 

RS-232-C Interface —A serial interface standardized by ELA* 
Standard RS-232-C. 

Scaling — Dividing the plotting area into units convenient for 
your application. 

Scaling Points — Points that are assigned the user-unit values 
specified in the scale instruction, SC. These points, known as PI 
and P2, define opposite comers of a rectangular area. 

Separator — A symbol that separates the parameters of an in¬ 
struction. For example, the comma in this string is a separator: 
PA 10,20;. 

Soft-Clip Limits — That part of the plotting area defined by the 
IW instruction, beyond which no programmed plotting can occur. 

Space — The width of the character plot cell; the space includes 
both the character and the blank area to the right. The default 
size of the space depends on the size of the character; the average 
space is 1.5 times the character width. 

Status Byte — A byte which reflects the plotter’s status. 

Stop Bit — In an RS-232-C configuration, a bit (or bits) following 
a character that notifies the receiving device that the character 
is complete. 

String — In BASIC, any sequence of letters, numbers, or symbols. 


* Electronic Industries Association. 
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Subpolygon — A polygon defined as part of a larger polygon. For 
example, the block letter “O” is a polygon that consists of two 
subpolygons: the outside circle and the inside circle. 

Syntax — The rules governing the structure of a language. In 
HP-GL, the syntax governs the sequence of mnemonics and par¬ 
ameters, the separators between parameters, and terminators at 
the end of a string. 

Syntax Error — An error in an instruction due to a misspelled or 
missing character, or bad punctuation. 

Terminator — A character that signals the end of an HP-GL or 
device-control instruction. 

Tick — A small mark that is often used to indicate a certain 
number of units along an axis. Major ticks are often used to 
mark every 5th or 10th unit, whereas minor ticks often mark 
single units. 

Truncate — To discard the decimal portion of a number. For 
example, if you truncate 2.9 the result is 2. 

User Units — The units you use to suit your application. Specify 
them with the scale instruction, SC. 

Variable — A value that can be changed; usually represented by a 
letter or group of letters. 

Window — The part of the plotting area in which plotting can 
occur. Also referred to as soft-clip limits. 


Glossary G-7 




Notes 


G-8 Glossary 



Subject Index 

A B 


AA instruction 5-8-5-10 
AP instruction 4-6-4-8 
AR instruction 5-10-5-12 
Abort device-control 
instruction 13-8 
Abort graphics instruction 13-8 
Absolute 
arc 5-8-5-10 
character size 8-29, 8-30 
coordinates 2-1, 2-2, 
direction 8-11-8-15 
movement 4-2,4-3 
plotting 4-8-4-10 
rectangle 5-28-5-30 
Alternate character set 
general 9-3,94 
designating 9-5, 9-6 
selecting 87-89 
Arc absolute 

instruction 5-8-5-10 
Arc relative 

instruction 5-10-5-12 
Arcs 

general 5-1-5-6 
maintaining arc 
smoothness 5-2 
ASCII characters 
for each character 
set B-5-B-8 

in terminating labels 8-19, 

8-20 

table of control characters 
B-2,B-3 

using CHR$ function 8-3 
using keyboard 8-3 
Automatic modem disconnect 
modes 14-22,14-23 
Automatic pen operations 
instruction 4-6-4-8 
Axis align 

effect of new axis align point 
on hard-clip limits 2-14 
after initializing 2-14, 2-15 
after loading paper 2-15 
power-on location 2-13 


BASIC 

in program examples 1-5 
using non-BASIC 
statements 1-6 
Baud rate 14-6 
Block transmission 
mode 14-20-14-22 
Buffers, see also I/O buffer, 
Logical I/O buffer, 
Physical I/O buffer, Polygon 
buffer, and Pen sort buffer 
allocating size using ESC. T 
instruction 1-10,1-11, 
13-15-13-18 

allocating size using GM 
instruction 1-10,1-11, 
6-13,6-14 
general 1-8-1-11 

c_ 

CA instruction 9-5, 9-6 
Cl instruction 5-12-5-14 
CP instruction 8-8-8-11 
CT instruction 5-15,5-16 
CS instruction 9-6, 9-7 
Carriage-return point 84,8-5 
Character plot cell 
default size 8-5 
general 8-5,86 
in horizontal mode 88, 8-9 
in vertical mode 810 
Character plot 

instruction 88-811 
Characters, ASCII B-l-B-3, 
B-5-B-8 
Character sets 
designating and selecting 
9-3,94 

general 9-1-9-3 
Kanji D-7-D-30 
list of 92, B4 
standard 9-6, 9-7,9-9 
tables B-5-B8 
alternate 9-5, 9-6, 9-7-89 
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C (Continued) _ 

Character size 
absolute 8-29,8-30 
relative 8-33-8-35 
Character slant 8-31-8-33 
Character strings 3-3 
Characters, user-defined, see also 
Character plot cell 
general 9-4 
instruction 9-10-9-13 
Chord tolerance 5-2-5-6 
chord angle 5-2, 5-3 
chord calculation 5-4,5-5 
degrees mode 5-2,5-3 
deviation distance mode 5-4 
Chord tolerance instruction 
5-15, 5-16 

Circle instruction 5-12-5-14 
Circles 

general 5-1-5-6 
smoothness 5-2-5-6 
Creating mirror images of 
plots 10-5,10-6 
Configurable memory, see 
Buffers 

Configurable memory size, 
output 13-14,13-15 
Configuration 

statement 1-3-1-5 
Coordinate system 2-1, 2-2 
Current units 3-3 

D_ 

DC instruction 12-7 
DF instruction 3-8-3-11 
DI instruction 8-11-8-15 
DP instruction 12-7,12-8 
DR instruction 8-15-8-18 
DT instruction 8-18-8-21 
DV instruction 8-21-8-23 
Data bits 14-5 
Data transmission 

modes 14-20-14-22 
Define label terminator 
instruction 8-18-8-21 


Degrees Mode 5-2, 5-3 
Designing characters 9-4 
Deviation distance mode 5-4 
Device-control instructions 
abort 13-8 
description 1-3 
for changing buffer sizes 13-4 
for identifying the 
plotter 13-4 

for setting plotter to known 
conditions 13-3 
for verifying errors or 
operating conditions 
13-4,13-5 
general 13-1 
sending 13-2 
syntax 13-2 
using 13-3-13-5 
Digitize clear instruction 12-7 
Digitize point instruction 12-7, 
12-8 

Digitizing 
general 12-1 
HP-IB interrupts and 
polling 12-6 

instructions 12-1,12-7-12-9 
manual 12-2,12-3 
monitoring the status 
byte 12-4-12-6 
over HP-IB with HP 150 
Touchscreen 12-1 
Direction absolute 

instruction 8-11-8-15 
Direction mode, see DV 
instruction 
Direction relative 

instruction 8-15-8-18 
Direction vertical 

instruction 8-21-8-23 
Disconnect modes 14-22,14-23 

E_ 

EA instruction 5-16-5-18 
EP instruction 6-9-6-11 
ER instruction 5-18-5-20 
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ES instruction 8-23-8-25 
EW instruction 5-20-5-23 
ESC. ( 13-18 
ESC.) 13-18,13-19 
ESC.@ 13-19-13-21 
ESC. A 13-5 
ESC. B 13-5,13-6 
ESC. E 13-6,13-7 
ESC.H 14-23,14-24 
ESC. I 14-24-14-27 
ESC. J 136 
ESC. K 136 
ESC. L 13-9 
ESC. M 14-28-14-30 
ESC. N 14-31,1462 
ESC .0 13-9-13-11 
ESC. P 1462,14-33 
ESC. Q 13-11-13-14 
ESC.R 13-14 
ESC. S 13-14,13-15 
ESC .T 13-15-13-18 
ESC.Y 13-18 
ESC. Z 13-18,13-19 
E-mask 11-9,11-10 
Edge absolute rectangle 
instruction 5-16-5-18 
Edge polygon 

instruction 6-9-6-11 
Edge relative rectangle 
instruction 5-18-5-20 
Edge wedge 

instruction 5-20-5-23 
Enlarging a scaled picture 10-2, 
10-3 

Equal-sized pictures on one page, 
drawing 10-3,10-4 
Enquire/Acknowledge 
handshake 
general 14-7 
using device-control 

instructions 14-13,14-14 
using ESC.H 
instruction 14-15-14-17 
using ESC. I instruction 
14-14,14-15,14-17 


using ESC. P 

instruction 14-14 
Errors 

identifying 11-4,116 
HP-GL 11-15, A-l 
device-control A-2 
Examples 

complete program listings 1-5 
configuration statements 14, 
1-5 

HP-GL strings 16,1-7 
Extra space 

instruction 8-236-25 

F_ 

FP instruction 6-11,6-12 
FT instruction 5-7,5-24-5-26 
Fill types 5-7,5-24-5-26 
[fill rectangle 

absolute 5-28-5-30 
Fill rectangle relative 560,5-31 
Fill polygon 6-11,6-12 
Fill wedge 562-566 
'Flowchart 

output request 14-30 
software checking 
handshake 14-18 
FORTRAN 1-1 

G_ 

GM instruction 6-13,6-14 
Graphics, abort 136 
Graphics Memory 
instruction 6-13, 6-14 

H_ 

Handshaking, see also 
Enquire/Acknowledge 
handshake, 

Hardwire handshake, Software 
checking handshake, Xon- 
Xoff handshake 
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general 14-5,14-6 
choosing a 

handshake 14-6-14-8 
using device-control 

instructions 14-8-14-20 
Hard-clip limits 24,2-5 
Hardwire handshake 
general 14-7 
using device-control 

instructions 14-8-14-10 
using ESC. @ 

instruction 14-10 
using ESC.P 

instruction 14-10 
Horizontal direction mode 
positive run and rise in 8-12 
HP-GL 

description 1-2 
errors 11-15, A-l 
NOP (No Operation) A-3 
obtaining HP-GL 

errors 11-14-11-16 
sending HP-GL 

instructions 1-3-1-7 

HP-IB 

addressing 14-3,14-4 
general 14-1 
interface functions 14-2 
reactions to DCL and 
SDC 14-5 
valid devicecontrol 
instructions 14-2 

I_ 

IM instruction 11-8-11-12 
IN instruction 3-11, 3-12 
IP instruction 3-12,3-13 
IW instruction 10-9-10-11 
Initialize instruction 3-11, 3-12 
Initializing the plotter, see also 
DF instruction and 
IN instruction 
general 34,3-5 


Input Mask 

instruction 11-8-11-12 
Input PI and P2 instruction 
3-12,3-13 
Input Window 

instruction 10-9-10-11 
I/O buffer, see also Logical I/O 
buffer and Physical I/O 
buffer 

configurable size 1-10 
general 1-8,1-9 

K_ 

Kanji 

alphapbets in character set 
101 D-l 

accessing characters D-2-D4 
character set matrix D-6 
in symbol mode D-5 
terminating Kanji labels D-5 

L_ 

LB instruction 8-25, 8-26 
LT instruction 7-1-7-5 
Label 

default label conditions 8-1, 
8-2 

direction 8-11-8-18,8-21-8-23 
enhancing 8-6,8-7 
extra space 8-23-8-25 
instruction 8-25,8-26 
label direction (default) 8-2 
origin 8-21,8-22,8-26-8-28 
positioning 8-3-8-5 
terminator (default) 8-2 
sending the label 
terminator 8-2 
size (default) 8-2 
slant (default) 8-2 
using variables 8-7 
Label terminator 
default 8-2 
sending the label 
terminator 8-2 
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Leased-line disconnect 
mode 14-23 
Line types 

fixed and adaptive 7-2,7-3 
instruction 7-1-7-5 
Logical I/O buffer 
general 1-8,1-9 
configuring size 13-19-13-21 

M_ 

Masks, see also IM instruction 
E-mask 11-9,11-10 
P-mask 11-11 
S-mask 11-10,11-11 
Mirror images 10-5,10-6 
Monitor mode, set 13-11-13-14, 
13-19-13-21 

N_ 

NR instruction 3-13 
Not ready instruction 3-13 
Normal transmission 
mode 14-20 
Numbers 
integer 3-3 
real 3-3 
rounding 3-3 

o_ 

OA instruction 11-12,11-13 
OC instruction 11-13,11-14 
OD instruction 12-8,12-9 
OE instruction 11-14—11-16 
OF instruction 11-16 
OH instruction 10-11,10-12 
OI instruction 11-16,11-17 
OO instruction 11-17,11-18 
OP instruction 10-12,10-13 
OS instruction 11-19,11-20 
OT instruction 11-20 


OW instruction 10-13,10-14 
Obtaining plotter 

information 11-1-11-8 
Omitting parameters 3-4 
Output actual pen status 
instruction 11-12,11-13 
Output buffer size when empty 
instruction 13-9 
Output buffer space 

instruction 13-5,13-6 
Output carousel type 
instruction 11-20 
Output commanded pen status 
instruction 11-13,11-14 
Output configurable memory size 
instruction 13-14,13-15 
Output digitized point and pen 
status instruction 12-8,12-9 
Output error 

instruction 11-14-11-16 
Output extended error 
instruction 13-6,13-7 
Output extended status 
instruction 13-9-13-11 
Output factors instruction 11-16 
Output hard-clip instruction 
10-11,10-12 

Output identification instruction 
HP-GL 11-16,11-17 
device-control 13-5 
Output instructions 
description 1-3,11-1,11-2 
in HP-IB configuration 11-2, 
11-3 

in RS-232-C 

configuration 11-3 
using 10-8,11-3-11-5 
Output options instruction 
11-17,11-18 
Output PI and P2 

instruction 10-12,10-13 
Output request flowchart 14-30 
Output response, summary 
11-5,11-6 

Output status instruction 11-19, 
11-20 
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Output Window instruction 
10-13,10-14 

P_ 

PA instruction 4-8-4-10 
PD instruction 4-10-4-12 
PM instruction 6-14-6-18 
PR instruction 4-12-4-14 
PT instruction 5-27, 5-28 
PU instruction 4-14, 4-15 
P-mask 11-11 
PI and P2 

default locations 2-7, 2-8 
description 2-7 
input instruction 3-12, 3-13 
Parity 14-5 

Parallel polling 11-7,11-8 
Parse mode 13-11-13-14 
Pascal 1-1 
Pen 

automatic operations 4-6-4-8 
identifying location and 

position 11-3,11-4,11-12, 
11-13 

monitoring location and 

position 4-2,11-14,11-15 
moving 4-2 
selecting 4-1 

Pen down instruction 4-10-4-12 
Pen up instruction 4-14, 4-15 
Pen sort buffer 
general 1-9,1-10 
configuring size 13-15-13-18 
output size 13-14,13-15 
Pen sorting 4-7 
Pen up merging 4-7 
Physical I/O buffer 
general 1-8, 1-9 
configuring size 13-15-13-18 
output size 13-14,13-15 
Plot absolute 

instruction 4-8-4-10 
Plot relative 

instruction 4-12-4-14 


Plotter, identifying 11-16,11-17, 

, 13-4,13-5 
Plotter functions, 
identifying 114 
Plotter options, identifying 
11-17,11-18 

Plotter units, description and 
range 2-2,2-3 

Polling, see also IM instruction 
general 11-6,11-7 
parallel 11-7,11-8 
serial 11-7 
Polygon buffer 
general 1-9,64 
configuring size 6-9, 
13-15-13-18 
general 1-10 
determining approximate 
size 6-5 

determining exact size 6-7, 

6-8 

output size 13-14,13-15 
Polygon mode 
appropriate instructions in 
1-9, 6-1 

circles in 6-3, 64 
instruction 6-14-6-18 
Polygons 
closing 6-16 

counting points in 6-5-6-7 
edging 6-9-6-11 
filling 6-11,6-12 
general 6-1 
drawing 6-2 

Primitive grid resolution 9-10 
Program errors 1-8 
Programming hints 1-7 
Programming languages 
BASIC 1-1 
FORTRAN 1-1 
Pascal 1-1 

R_ 

RA instruction 5-6,5-28-5-30 
RO instruction 10-14-10-16 
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RR instruction 5-6, 5-30, 5-31 
Receive mode 13-11-13-14 
Rectangles 

absolute 5-16-5-18,5-28-5-30 
general 5-6-5-7 
relative 5-18-5-20,5-30,5-31 
Reducing a scaled picture 10-2, 
10-3 
Relative 
arc 5-10-5-12 
character size 8-33-8-35 
coordinates 4-3-4-5 
direction 8-15 
movement 4-2-4-4 
movement when scaling is 
off 4-5 

plotting 4-12-4-14 
rectangles 5-18-5-20,5-30, 
5-31 

Reset instruction 13-14 
Rotation 

general 2-11, 2-12,10-7,10-8 
instruction 10-14-10-16 
program C-12-C-14 
RS-232-C 

general 14-5-14-8 

s_ 

SA instruction 9-7-9-9 
SC instruction 3-14-3-16 
SG instruction 4-15, 4-16 
SI instruction 8-29,8-30 
SL instruction 8-31-8-33 
SM instruction 7-5, 7-6 
SP instruction 4-16, 4-17 
SR instruction 8-33-8-35 
SS instruction 9-9 
S-mask 11-10,11-11 
Scale instruction 3-14-3-16 
Scaling, see also SC instruction 
description 2-7-2-11 
expanding or contracting 
scaled plots 3-6, 


isotropic and anisotropic 
scaling 3-6-3-8 
using with IP instruction 3-5 
Select alternate character set 
instruction 9-7-9-9 
Select pen group instruction 
4-15,4-16 

Select pen instruction 4-16, 4-17 
Select standard character set 
instruction 9-9 
Serial polling 11-7 
Set handshake mode 1 

instruction 14-23,14-24 
Set handshake mode 2 

instruction 14-24-14-27 
Set monitor mode 

instruction 13-11-13-14 
Size absolute character 8-29, 
8-30 

Size relative 

character 8-33-8-35 
Slant character 8-31-8-33 
Soft-clip limits (windows), see 
also IW instruction 
general 2-5-2-7,10-1,10-2 
Software checking handshake 
flowchart 14-18 
general 14-7,14-8,14-17-14-19 
using ESC.B instruction 
14-19,14-20 

Standard character set 
general 9-3,9-4 
designating 9-6, 9-7 
selecting 9-9 
Status byte, see also IM 
instruction 
general 11-5 
output instruction 11-19, 

11-20 

Stop bits 14-6 
Summary of output 

responses 11-5,11-6 
Switched/Datex-line disconect 
mode 14-22 

Symbol mode instruction 7-5, 
7-6 
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Symbol mode using Kanji D-5 
Syntax 

compatibility with other 
plotters 3-3 
HP-GL instructions 3-1 
notations 3-2 
parameter formats and 
ranges 3-2 

T_ 

TL instruction 7-7-7-9 
Tick length instruction 7-7-7-9 
Tick marks, see XT instruction, 
YT instruction, and 
TL instruction 
Transmission 

modes 14-20-14-22 

U (Continued) _ 

UC instruction 9-10-9-13 
User-defined character 
instruction 9-10-9-13 
User units, description and 
range 2-2,2-4 

V_ 

VS instruction 4-17,4-18 
Variables 4-6,11-1,11-2 
Velocity select instruction 4-17, 
4-18 


Vertical direction mode 
positive run and rise in 8-12 

w_ 

WG instruction 5-2,5-5, 
5-32-5-36 
Wedges 

general 5-5,5-6 
edging, 5-20-5-23,6-9-6-11 
filling, 5-24-5-26, 5-32-5-36 
Window 

general 10-1,10-2 
input instruction 10-9-10-11 
output instruction 10-13, 
10-14 

program C-9-C-11 

X_ 

Xon-Xoff handshake 
general 14-7 
using device-control 

instructions 14-10,14-11 
using ESC. I instruction 
14-12,14-13 
using ESC. P 

instruction 14-12 
XT instruction 7-9, 7-10 
X-tick instruction 7-9,7-10 

Y_ 

YT instruction 7-10,7-11 
Y-tick instruction 7-10, 7-11 
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